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A new beginninç 
tor oral contrace 


Lew-dose oral sentramseption 
for the new-start patient. 





Now—a refinement in low-dose oral An unsurpassed rate of efficacy. 


ra, À 
contraception. No pregnancies have been reported with Norinyl 1+35 


New Norinyl® 1+35 from Syntex was: specifically for- when it has been taken as directed. In fact, its efficacy 
mulated to satisfy the goals of effective low-dose contra- fate is comparable to that achieved with higher-dosé 
‘ception, while reducing the possibility of commonly formulations! 


encountered side effects such as breakthrough bleeding“ R E ie , 
Norinyl 1+35 contains 1.0 mg of norethindrone —the With little chance of breakthrough bleeding. 
time-tested progestin...and 0.035 mg of ethinyl estra- MNorinyl 1+35 provides sufficient endometrial support tc 
diol—a well accepted level of estrogen. assure comfortable contraception for the vast majority 
of women —with very little likelihood of breakthroug! 


“This level of norethindrone serves two important func- 
bleeding. 


tions. First, it helps insure a high rate of efficacy. Secondly, 
it reduces the possibility of breakthrough bleeding. 


Tablets 


(norethindrone 1.0 mg and ethinyl estradiol 0.035 mg) — m 


* Note: serious as well as minor side effects have been reported following the ~, 
use of all oral contraceptives. These include thromboembolic disease. Please 
see summary of Prescribing Information on following page r 

tThe overall pregnancy rate was 0.17 per hundred woman-years, in clinical 
trials with 940 patients completing 14,366 cycles of use 


S 


Syntex (FP) Inc. Humacao, Puerto Rico 00661 





folgarstie smoking, hypertension, 


R 


= O.C. users was estimated to be 20 per 100,000 ( 


Norinyl” 1+35 21-Day Tablets (norethindrone 1 mg. with ethinyl 
estradiol 0.035 mg.) 


Norinyl® 1+35 28-Day Tablets (21 norethindrone 1 mg. with ethinyl 
estradfi 0.035 mg. tablets followed by 7 inert tablets) 


ORAL CONTRACEPTIVE (0.C.) AGENTS 


indications 0.C.s are indicated for the prevention of pregnancy. DOSE- 
RELATED RISK OF THROMBOEMBOLISM FROM 0.C.s. Studies have shown a 
- positive association between the dose of estrogens in 0.C.s and the risk of 
thromboembolism. For this reason, it is prudent and in keeping with good 
principles of therapeutics to minimize exposure to estrogen. The 0.C. prod- 
uct prescribed for any given patient shoulc be that product which contains the 
least amount of estrogen that is compatible with an acceptable pregnancy rate 
and patient acceptance. It is recommended that new acceptors of bcs 
should be started on preparations containing 0.05 mg or less of estrogen. 
Contraindications 1. Known or suspected pregnancy (see Warning No. 
5). 2. Thrombophlebitis or thromboembolic disorders. 3. A past history of 
deep vein thrombophlebitis or thromboembolic disorders. 4. Undiagnosed 
abnormal genital bleeding. 5. 0.C.s should not be used by women who have or 
have had any of the following conditions: a. Cerebral vascular or coronary ar- 
tery disease. b. Known or suspected carcinoma of the breast. c. Known or 
suspected estrogen dependent neoplasia. d. Benign or malignant liver tumor 
which developed during the use of oral contraceptives or other estrogen con- 
taining products. 


WARNINGS: Cigarette smoking increases the risk of serious car- 
diovascular side effects from 0.C. use. This risk increases with age and 
| with heavy smoking (15 or more cigarettes per day) and is quite 
marked in women over 35 years of age. Women who use 0.C.s should 
be strongly advised not to smoke. 


The use of 0.C.s is associated with increased risk of several serious condi- 
| tions including thromboembolism, stroke, myocardial infarction, liver 
tumor, gall bladder disease, visual disturbances, fetal abnormalities, and 
hypertension. Practitioners prescribing O.C.s should be familiar with the 
following information relating to these risks. 


1. Thromboembolic Disorders and Other Vascular Problems: An increased 
risk of thromboembolic and thrombotic disease associated with the use of 
0.C.s is well established. One British study demonstrated an increased rela- 
tive risk for fatal venous thromboembolism; two British and three American 
studies demonstrated an increased relative risk for non-fatal venous throm- 
boembolism. These studies estimate that users of 0.C.s are 4 to 11 times 
more likely than nonusers to develop these diseases without evident cause. 
CEREBROVASCULAR DISORDERS. Two American studies demonstrated an 
increased relative risk for stroke, which had not been shown in prior British 
studies. In a collaborative American study of cerebrovascular disorders in 
women with and without predisposing causes, it was estimated that the rela- 
tive risk of hemorrhagic stroke was 2.0 times greater in users than nonusers 
and the relative risk of thrombotic stroke was 4 to 9.5 times greater in users 
than in nonusers. A British long-term, follow-up study reported in 1976 a 
highly significant association between 0.C. use and stroke. Another British 
long-term, follow-up study had suggested such an association in 1974, but 
the number of cases was too small to estimate the risk. MYOCARDIAL IN- 
FARCTION. An increased relative risk of myocardial infarction associated with 
the use of 0.C.s has been reported, confirming a previously suspected asso- 
ciation. One study conducted in the United Kingdom found, as expected, that 
the greater the number of Ah gg risk factors for coronary artery disease 
ypercholesterolemia, obesity, diabetes, 

istory of preeclamptic toxemia) the higher the risk of developing myocardial 
infarction, regardless of whether the patient was an O.C. user or not 0.C-s, 
however, were found to be an additional risk factor. In terms of relative risk, it 
has been estimated that 0.C. users who do not smoke (smoking is consid- 
ered a major predisposing condition to myocardial infarction) are about twice 
as likely to have a fatal myocardial infarction as nonusers who do not smoke. 
0.C. users who are also smokers have about a 5-fold increased risk of fatal 
infarction compared to users who do not smoke, and about a 10- to 12-fold 
increased risk compared to nonusers who do not smoke. Furthermore, the 
number of cigarettes smoked is also an important factor. In determining the 
importance of these relative risks, however, the baseline rates for various age 
roups must be given serious consideration. (The estimates are based on 
British vital statistics which show acute myocardial infarction death rates 2- to 
3-times less than in the U.S. for women in these age groups; consequently, 
actual U.S. death rates could be higher.) The importance of other predispos- 
ing conditions mentioned above in determining relative and absolute risks 
has not been quantified; other synergistic actions may exist. RISK OF DOSE. 
In an analysis of data derived from several national adverse reaction reporting 
systems, British investigators concluded that the risk of thromboembolism 
including coronary thrombosis is directly related to the dose of estrogen used 
in 0.C.s. Preparations containing 0.1 mg or more of estrogen were as- 
sociated with a higher risk of thromboembolism than those containing 0.05- 
-0.08 mg of estrogen. Their analysis did suggest, however, that the quantity 
_ of estrogen may not be the sole factor involved. This finding has been sup- 
j ported by a study in the United States. Careful epidemiological studies to de- 
ermine the degree of thromboembolic risk associated with progestogen-only 

- 0.C.s have not been performed. Cases of thromboembolic disease have been 
reported in women using these products, and they should not be presumed to 
be free of excess risk. ESTIMATE OF EXCESS MORTALITY FROM CIRCULAT- 
ORY DISEASE. A large British prospective study estimated the mortality rate 
per 100,000 women per year from diseases of the circulatory system for 
users and nonusers of 0.C.s according to age, smoking habits, and duration 
of use. The overall excess death rate annual 


- 















from circulatory diseases for 
es 15-34—5/100,000; 
ages 35-44 —33/100,000; ages 45-49 —140/100,000). The risk is concen- 


trated in older women, in those with a long duration of use, and in cigarette 


= smokers, and may persist after discontinuation of O C. use. It was not possi- 


ble, however, to examine the interrelationships of age, smoking, and dura- 
tion of use, nor to compare the effects of continuous vs. intermittent use. 
Although the study showed a 10-fold increase in death due to circulatory dis- 


eases in users for 5 or more years, all of these deaths occurred in women 35 


or older. Until larger numbers of women under 35 with continuous use for 5 
or more years are available, it is not possible to assess the magnitude of the 
relative risk for this younger age group. The available data from a variety of 
sources have been analyzed to estimate the risk of death associated with vari- 
ous methods of contraception. The estimates of risk of death for each method 
include the combined risk of the contraceptive method (e.g., thromboem- 
bolic and thrombotic disease in the case of 0.C.s) plus the risk attributable to 
pregnancy or abortion in the event of method failure. This latter risk varies 
with the effectiveness of the contraceptive method. The findings of this 
analysis are shown in Table 1 below. The study concluded that the mortality 
associated with all methods of birth control is low and below that of 
childbirth, with the exception of 0.C.s in women over 40 who smoke. (The 
rates given for pill only/smokers for each age group are for smokers as a 
class. For ‘‘heavy’’ smokers (more than 15 cigarettes a day), the rates given 
‘would be about double; for "light smokers (less than 15 cigarettes a day), 
about 50 percent.) The lowest mortality is associated with the condom or dia- 
phragm backed up by early abortion. The study also concluded that 0.C. 
usess who smoke, especially those over the age of 30, have a greater mortal- 
ity risk than O.C. users who do not smoke. 


Table 1. The annual number of deaths associated with control of fertility and 
no control per 100,000 nonsterile women by regimen of control and age of 


women are: 
15-19 20-24 25-29 30-34 35-39 40-44 

No method SGEN 74 13.9 20.8 22.6 

® ébortion only 1.2 Er? 48 1.7 US ~-t2 
Pill only —nonsmokers 1.3 1.4 1.4 ge 4,5; > A. 
Pill only —smokers 1.5 1.6 16 108 13.4 589 
IUDs only 0.9 1.0 =- 1.2 la, gao E 
Traditional 
contraception only 1.1 1.6 5 20 36 50 42 
Traditional contra- 

« @eption and abortion 0.2 0.2 0.3 0.3 0.3 0.2 


The risk of thromboembolic and thrombotic disease associated with 0.C.s 
increases with age after approximately age 30 and, for myocardial infarction, 
# further increased by hypettension, hyperlipidemias, obesity, diabetes, or 
history of preeclampic toxemia and especially by cigarette smoking. Based on 


risk of death from circulatory disorders associated with the use of 0.C.s: 
Table 2. Smoking habits and other predisposing conditions —risk associ- 


ated with use of 0.C.s 
me Se. D ee es cee 
Heavy smokers C B A 
Light smokers D- C B 
Nonsmokers 

(No predisposing conditions) D C.D C 
Nonsmokers 

(other predisposing conditions) C C.B B.A 


A— Use associated with very high risk. C—Use associated with moderate risk 
B—Use associated with high risk. D—Use associated with low risk. 


The physician and the patient should be alert to the earliest manifestations of 
thromboembolic and thrombotic disorders (e.g., thrombophlebitis, pulmo- 
nary embolism, cerebrovascular insufficiency, coronary occlusion, retinal 
thrombosis, and mesenteric thrombosis) Should any of these occur or be 
Suspected, the drug should be discontinued immediately. A four- to six-fold 
increased risk of post-surgery thromboembolic complications has been re- 
ported in O.C. users. If feasible, 0.C.s should be discontinued at least 4 
weeks before surgery of a type associated with an increased risk of throm- 
boembolism or prolonged immobilization. Data also suggest that the pres- 
ence of varicose veins substantially increases the risk of superficial venous 
thrombosis of the leg, the risk depending on the severity of the varicosi- 
ties. Ocular Lesions: There have been reports of neuro-ocular le- 
sions such as optic neuritis or retinal thrombosis associated with the use of 
0.C.s. Discontinue 0.C. medication if there is unexplained, sudden or 
gradual, partial or complete loss of vision; onset of proptosis or diplopia. 
papilledema; or retinal vascular lesions; and institute appropriate diagnostic 
and therapeutic measures. Carcinoma: Long-term continuous administration 
of either natural or synthetic estrogen in certain animal species increases the 
frequency of certain adenomas, benign or malignant, such as those of the 
breast, cervix, vagina, uterus, ovary, pituitary and liver. Certain synthetic 
progestogens, none currently contained in 0.C.s, have been noted to in- 
crease the incidence of mammary nodules, benign and malignant, in dogs 
Several retrospective case-control studies have reported an increased relative 
risk (3.1 to 13.9 times) associating endometrial carcinoma with the prolonged 
use of estrogens in postmenopausal women who took estrogen replacement 
medication to relieve menopausal symptoms. One publication reported on the 
first 30 cases submitted by physicians to a registry of cases of adenocar- 
cinoma of the endometrium in women under 40 on 0.C.s. Of the adenocar- 
cinomas found in women without predisposing risk factors for adenocar- 
cinoma of the endometrium (e.g., irregular bleeding at the time 0.C.s were 
first given, polycystic ovaries) nearly all occurred in women who had used a 
sequential 0.C. These products are no longer marketed. No statistical associ- 
ation nas been reported | tg an increased risk of endometrial cancer in 
users of conventional combination or progestogen-only 0.C.s, although indi- 
vidual cases have been reported. Several studies have shown no increased 
risk of breast cancer to women taking 0.C.s or estrogens. In one study, how- 
ever, while no overall increased risk of breast cancer was noted in women 
treated with O.C s, a — risk was suggested for the subgroups of 0.C. 
users with documented benign breast disease and for long-term (2-4 years) 
users. One other study indicated an increasing risk of breast cancer in women 
taking menopausal estrogens, which increased with duration of follow-up. A 
reduced occurrence of benign breast tumors in users of 0.C.s has been well 
documented. In a prospective study of women with cervical dysplasia, there 
was an increase in severity and of conversion to cancer in situ in O.C. users 
compared with nonusers. This became statistically significant after 3 to 4 
years of use. Nonreversal of dysplasia within the first 6 months of pill use was 
suggested to be predictive o te ap vi after prolonged exposure. There 
have been other reports of microglandular hyperplasia of the cervix in users 
of 0.C.s. In summary, there is at present no confirmed evidence from human 
studies of an increased risk of cancer associated with 0.C.s. Close clinical 
surveillance of all women taking 0.C.s is, nevertheless, essential. In all cases 
of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropri- 
ate diagnostic measures should be taken to rule out malignancy. Women with 
a strong family history of breast cancer or who have breast nodules, — 
tic disease or abnormal mammograms should be monitored with particular 
care if they elect to use 0.C.s instead of other methods of contraception. 4. 
Liver Tumors: Sudden severe abdominal pain or shock may be due to rupture 
and areg of a liver tumor. There have been reports associating benign 
or malignant liver tumors with O.C. use. This has been reported in short- 
term as well as long-term users of 0.C.s. One study reported that use of 0.C.s 
with high hormonal potency and age over 30 years may further increase a woman's 
risk of hepatocellular adenoma studies relate risk with duration of use, the 
risk being much greater after 4 or more years of use. Although it is an un- 
common lesion, it should be considered in women presenting with an ‘‘acute 
abdomen'’. The tumor may cause serious or fatal hemorrhage. Patients with 
liver tumors have demonstrated variable clinical features which may make 
preoperative diagnosis difficult. Some cases presented because of right upper 
quadrant masses, while most had signs and symptoms of acute in- 
traperitoneal hemorrhage. Routine radiological and laboratory studies may 
not be helpful. Liver scans may clearly show a focal defect. Hepatic heb i 
raphy may be a useful procedure in diagnosing primary liver neoplasm. 9. 
Use in or Immediately Preceding Pregnancy, Birth Defects in Offspring, and 
Malignancy in Female Offspring: The use of female sex hormones — both es- 
trogenic and progestational a re Bina d early pregnancy may seriously 
damage the offspring. It has been shown that females exposed in utero to 
diethylstilbestro!, a nonsteroidal estrogen, have an increased risk of develop- 
ing in later life a form of vaginal or cervical cancer that is ht extremely 
rare. This risk has been estimated to be of the order of 1 in 1,000 exposures 
or less. Although there is no evidence at the present time that 0.C.s further 
enhance the risk of developing this type of malignancy, such patients should 
be monitored with particular care if they elect to use 0.C.s instead of other 
methods of contraception. Furthermore, a high percentage of women ex- 
sed to rie (cmon A (from 30 to 90%) have been found to have epithe- 
al changes of the ye and cervix. Although these changes are histologi- 
cally benign, it is not known whether this condition is a precursor of vaginal 
malignancy. Male children so exposed may develop abnormalities of the uro- 
genital tract. Although similar data are not available with the use of other es- 
trogens, it cannot be presumed that they would not induce similar changes. 
An increased risk of congenital anomalies, including heart defects and limb 
detects, has been reported following use of sex hormones, including 0.C-s, 
in pregnancy. In one case-control study it was estimated that there was a 
4.7-fold increased relative risk of limb-reduction defects in infants exposed in 
utero to sex hormones (0.C.s, hormonal withdrawal tests for pregnancy or 
attempted treatment for threatened abortion). Some of these exposures were 
very short and involved only a few days of treatment. The data suggest that 
the risk of limb-reduction defects in exposed fetuses is somewhat less than 1 
in 7,000 live births. In a large prospective study, cardiovascular defects in 
children born to women who received female hormones, including 0.C.s, 
during + throne occurred at a rate of 18 2 per 1,000 births, compared 
to 7.8 per 1,000 for children not so exposed in utero. These results are statis- 
tically significant. In the past, female sex hormones have been used during 
pregnancy in an i to treat threatened or habitual abortion. There is 
considerable evidence that estrogens are ineffective for these indications, and 
there is no evidence from well controlled studies that progestogens are effec- 
tive for these uses. There is some evidence that triploidy and possibly other 
types of polyploidy are increased among abortuses from women who become 
pregnant soon after ceasing 0.C.s. Embryos with these anomalies are virtu- 
ally always aborted spontaneously. Whether there is an overall increase in 
spontaneous abortion of pregnancies conceived soon after stopping 0.C.-s is 
unknown. If the patient has not adhered to the prescribed schedule, the pos- 
sibility of pregnancy should be considered at the time of the first missed 
oon (or after 45 days from the last menstrual period if progestogen-only 
-C.s are used) and further use of 0.C.s should be withheld until pregnancy 
has been ruled out. It is recommended that for any patient who has missed 
two consecutive periods, pregnancy should be ruled out before continuing 
the cede rag regimen. If aig peed is confirmed, the patient should be 
apprised of the potential risks to the fetus and the advisability of continuation 
of the pregnancy should be discussed in the light of these risks. It is also 
recommended teat women who discontinue 0.C.s with the intent of becom- 
ing pregnant use an alternate form of contraception for a period of time 
before attempting 40 conceive. Many clinicians recommend 3 months, al- 
though no precise information is available on which to base this recom- 
mendation. The administration of progestogen-only or progestogen-estrogen 
combinations to induce withdrawal bleeding should not be used as a test of 


bladder disease in users of 0.C.s or ete ang In one study, an increas 
risk appeared after 2 years of use and doubled after 4 or 5 years of use. 
another study an increased risk was apparent between 6 and 12 months o 
use. 7. Carbohydrate and Lipid Metabolic Effects: A decrease in glucgse tol 
erance has been observed in a significant percentage of patients nO Csi 
For this reason, prediabetic and diabetic patients should be carefully ob- 
served while receiving 0.C.s. An increase in triglycerides and total phos- 


pholipids has been observed in patients receiving 0.C.s. The clinical signifi- 


cance of this finding is unknown. 8. Elevated Blood Pressure: An increase in 
blood pressure has been reported with 0.C. use. In some women, hyperten- 
sion may occur within a few months of beginning O.C. use. In the first year of 
use, the prevalence of women with hypertension is low in users and may be 
no higher than that of a comparable group of nonusers. The prevalence i 
users increases, however, with longer exposure, and in the fifth year of use i 
two and a half to three times the reported prevalence in the first year. Age! 
also strongly cogelated with the development of hypertension in 0.C. use 
Women with a history of elevated blooc pressure (hypertension), preexisting 
renal disease, a history of toxemia or elevated blood pressure during preg- 
nancy, a familial tendency to hypertension or its consequences, or a kistor 
of excessive weight gain or fluid retention during the menstrual cycle may be 
more likely to develop elevation of blood pressure when given 0.C.s and, 
therefore, should be monitored closely. Even though elevated blood pressure 
may remain within the ‘‘normal’’ range, the clinical implications of elevations 
should not be ignored and close surveillance is indicated, particularly for 
women with other risk factors for cardiovascular disease or stroke.. ii 
blood pressure may or may not persist after discontinuation of the 0.C. # 
Headache; The onset or exacerbation of migraine or development of headache 
of a new pattern which is recurrent, persistent, or severe, requires discon- 
tinuation of 0.C.s and evaluation of the cause. 10. Bleeding Irregularities: 
Breakthrough bleeding, spotting, and missed menses are frequent reasons 
for patients discontinuing 0.C.s. In breakthrough bleeding, as in all cases of 
irregular bleeding from the vagina, nonfunctional causes should be borne in 
mind. In undiagnosed persistent or recurrent abnormal bleeding from the 
vagina, adequate diagnostic measures are indicated to rule out pregnancy or 
malignancy. If pathology has been excluded, time or a change to another 
formulation may solve the problem. Changing to an O.C. with a higher estro- 
gen content, while potentially useful in minimizing menstrual irregularity, 
should be done only if necessary since this may increase the risk of throm- 
boembolic disease. Women with a past history of oligomenorrhea or secon- 
dary amenorrhea or young women without regular cycles may have a tend- 
ency to remain anovulatory or to become amenorrheic after discontinuation 
of 0.C.s. Women with these preexisting problems should be advised of this 
possibility and encouraged to use other contraceptive methods. Post-use 
anovulation, possibly prolonged, may also occur in women without previous 
irregularities. A higher incidence of galactorrhea and of pituitary tumors 
(e.g., adenomas) has been associated with amenorrhea in former users 
compared with nonusers. One study reported a 16-fold increased prevalence 
of pituitary prolactin-secreting tumors among patients with postpill 
amenorrhea when galactorrhea was present. 11. /nfertility: There is evidence 
of impairment of fertility in women discontinuing 0.C.s in comparison with 
those discontinuing other methods of contraception. The impairment appears 
to be independent of the duration of use of the preparations. While the im- 
pairment diminishes with time, there is still an appreciable difference in the 
results in nulliparous women for the 0.C. and non-0.C. groups 30 months 
after discontinuation of birth control. For parous women the difference is no 
longer apparent 30 months after cessation of contraception. 12. Ectopic 
Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contracep- 
tive failures. However, in progestogen-only O.C. failures, the ratio of ectopic 
to intrauterine pregnancies is higher than in women who are not receiving 
0.C.s, since the drugs are more effective in preventing intrauterine than ec- 
topic pregnancies. 13. Breast Feeding: 0.C.s given in the postpartum period 
may interfere with lactation. There may be a decrease in the quantity and 
quality of the breast milk. Furthermore, a small fraction of the hormonal 
agents in 0.C.s has been identified in the milk of mothers receiving these 
drugs. The effects, if any, on the breast fed child have not been determined. If 
feasible. the use of 0.C.s should be deferred until the infant has been 
weaned. Precautions GENERAL 1. A complete medical and family history 
should be taken prior to the initiation of 0. C.s. The pretreatment and periodic 
hysical examinations should include special reference to blood pressure, 
reasts, abdomen and pelvic organs, including Papanicolaou smear and rele- 
vant laboratory tests. As a general rule, 0.C.s should not be prescribed for 
longer than 1 year without another physical examination being performed. 2. 
Under the influence of estrogen-progestogen preparations, preexisting 
uterine leiomyomata may increase in size. 3. Patients with a history of 
psychic depression should be carefully observed and the drug discontinued if 
depression recurs to a serious degree. Patients becoming significantly de- 
pressed while taking 0.C.s should stop the medication and use an alternate 
method of contraception in an attempt to determine whether the symptom is 
drug related. 4. 0.C.s may cause some degree of fluid retention. They should 
be prescribed with caution, and only with careful monitoring, in patients with 
conditions which might be aggravated by ‘luid retention, such as convulsive 
disorders, migraine syndrome, asthma or cardiac, hepatic or renal insuffi- 
ciency. 5. Patients with a past history of jaundice during pregnancy have an 
increased risk of recurrence of jaundice while receiving O.C. therapy. If jaun- 
dice develops in any patient receiving such drugs, the medication should be 
discontinued. 6. Steroid hormones oy be poorly metabolized in patients 
with impaired liver function and should be administered with caution in such 
patients. 7. 0.C. users may have disturbances in normal tryptophan 
metabolism which may result in a relative pyridoxine deficiency. The clinical 
significance of this is unknown. 8. Serum folate levels may be depressed by 
0.C. deep Since the pregnant woman is predisposed to the development 
of folate defic 
creasing gestation, it is possible that if a woman becomes pregnant shortly 
after stopping 0.C.s, she may have a greater chance of developing folate de- 
ficiency and complications attributed to this deficiency. 9. The pathologist 
should be advised of O.C. therapy when relevant specimens are submitted. 
10. Certain endocrine and liver function tests and blood components may be 
affected by estrogen-containing O.C.s. For example: a. dncreased sulfo- 
bromophthalein retention. b. Increased prothrombin and factors VII, VIII, IX, 
and X: decreased antithrombin 3; increased norepinephrine-induced platelet 
aggregability. c. Increased thyroid binding globulin (TBG) leading to in- 
creased circulating total thyroid hormone, as measured by Ufc wa 
iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free T3 resin uptake 
is decreased, reflecting the elevated TBG, free T4 concentration is unaltered. 
d. Decreased pregnanedio! excretion. e. Reduced response to metyrapone 
test. DRUG INTERACTIONS 0.C.s may be rendered less effective by virtue of 
Crug interaction with rifampin, isoniazid, ampicillin, tetracycline, neomycin, pen- 
icillin V, chloramphenicol, sulfonamides, nitrofurantoin, barbiturates, prey 
toin, primidone, analgesics, tranquilizers, and antimigraine preparations. C.'s 
may alter the effectiveness of other types of drugs, such as oral anticoagu- 
lants, anticonvulsants, tricyclic antidepressants, antihypertensive agents 
eo. quanethidine), vitamins and hypoglycemic agents. CARCINOGENESIS 
Warnings. PREGNANCY Pregnancy category X. See Contraindications 
and Warnings. NURSING MOTHERS See Warnings. Adverse Reactions An 
increased risk of the following serious adverse reations has been associated 
with the use of 0.C.s (see Warnings): thrombophlebitis, thrombosis, pulmo- 
nary embolism, coronary thrombosis, cerebral thrombosis, mesenteric 
thrombosis, liver tumors, cerebral hemorrhage, hypertension, gall bladder 
disease, congenital anomalies, neuro-ocular lesions, e.g., retinal thrombosis and 
optic neuritis. The following adverse reactions have been reported in patients 
receiving O.C.s and are believed to be drug related: bleeding irregular- 
ities (breakthrough bleeding, speney missed menses during treatment, 
amenorrhea after treatment), gastrointestinal symptoms (nausea, vomiting, 
bloating, abdominal cramps), dysmenorrhea, infertility after discontinuance 
of treatment, edema, chioasma or melasma which may persist after drug is dis- 
continued, breast changes (tenderness, enlargement, and Bonini. intol- 
erance to contact lenses, change in corneal curvature (steepening) change in 
weight (increase or decrease), in cervical erosion and cervical secretion, 
ossible diminution in lactation when given immediately postpartum, cho- 
estatic jaundice, migraine, increase in size of uterine leiomyomata, 
rash (allergic), mental depression, reduced tolerance to carbohydrates, vag- 
inal candidiasis, prolactin-secreting pituitary tumors. The follwing-adverse 
reactions have been reported in users of 0.C s, and the association has been 
neither confirmed nor refuted: premenstrual-like syndrome, cataracts, changes 
in libido, chorea, changes in appetite, cystitis-like syndrome, headache, ner- 
vousness, dizziness, hirsutism, loss of hair, erythema multiforme, erythema 
nodosum, hemd ic eruptio 
information for the Patient (See Patient Package Insert) 


iency and the incidence of folate deficiency increases with in- , 


n, vaginitis, porphyria, impaired renal function: 
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Nomatter what your practice, 
the Welch Allyn Exam Lite’ 
gives you a better look.” 2"? t 


Originally designed for the specialist, the 
s Welch Allyn Exam Lite has become the 
standard in illumination for the entire medical 
profession. And there are many reasons why. 
The Exam Lite features bright, white 
Halogen light for true tissue color. And 
because the light is transmitted by fiber 
optics, you are assured of cool, uniform 
illumination, and of the flexibility to position 
and hold the light where you need it. 
The Exam Lite features a new wide- 
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The world’s 
most advanced 
diagnostic instruments. 








WELCH 
| ALLYN 


Lighting the way since 1915 
Welch Allyn, Inc. 4341 State Street Road 
NS Skaneateles Falls, New York 13153 U.S.A 


angle focusing sleeve providing 50% more 
illumination and a larger spot of light. And, 
the new Neonate Lite Pipe accessory now 
permits the safe transillumination of neonates. 

The Welch Allyn Exam Lite offers 
numerous options, including fixed or mobile- 
stand mounting. Well-suited for any practice, 
the Exam Lite is just one of the Welch Allyn 
family of diagnostic instruments, the world’s 
most advanced. 

For more information on the Exam.Lite, 
contact your local Welch Allyn dealer. 






Acute pain | 
is no laughing matter. 


The first prescription for > 
the first days of acute pain 


Empirin’ € Codeine #3- 


Each tablet contains: aspirin, 325 mg; plus codeine @ 
phosphate, 30 mg, (Warning — may be habit-forming). 
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For the millions of patients who need the potency 
of aspirin and codeine for their acute pain. 


The pain of fractures, strains, sprains, burns and - 
wounds is at its peak during the first three to four days 
following trauma. The potent action of Empirin € 

Codeine begins to work within 15 minutes of oral ad- 
ministration, an important advantage during this acute 

pain period. Empirin € Codeine has unique bi-level 

action to attack pain at two critical points: peripherally 

l at the site of injury and centrally at the site of pain 
awareness. 

For the most effective dosage in treating acute pain, 

begin with...two tablets of Empirin € Codeine #2 or 

#3, every four hours. Titrate downward as pain sub- ‘ 
sides. 


EMPIRIN® with Codeine 


DESCRIPTION: Each tablet contains aspirin (acetylsalicylic acid) 325 mg plus codeine phosphate in one of the G 
following strengths: No. 2 — 15 mg, No. 3 — 30 mg, and No. 4 — 60 mg. (Warning — may be habit-forming.) 

CONTRAINDICATIONS: Hypersensitivity to aspirin or codeine. 

WARNINGS: 

Drug dependence: Empirin with Codeine can produce drug dependence of the morphine type and, therefore, has the ` 
potential for being abused. Psychic dependence, physical dependence, and tolerance may develop upon repeated administra- 

tion of this drug and it should be prescribed and administered with the same degree of caution appropriate to the use of other 

oral, narcotic-containing medications. Like other narcotic-containing medications, the drug is subject to the Federa! Con- 


trolled Substances Act 

Use in ambulatory patients: Empirin with Codeine may impair the mental and/or physical abilities required for the 

performance of potentially hazardous tasks such as driving a car or operating machinery. The patient using this drug should 

be cautioned accordingly, 

Interaction with other central nervous system (CNS) depressants: Patients receiving other narcotic analgesics, general 

anesthetics, phenothiazines, other tranquilizers, sedative-hypnotics, or other CNS depressants (including alcohol) concomi- 

tantly with Empirin with Codeine may exhibit an additive CNS depression. When such combined therapy is contemplated, the 

dose of one or both agents should be reduced 

Use in pregnancy: Safe use in pregnancy has not been established relative to possible adverse effects on fetal development. 

Therefore, Empirin with Codeine should not be used in pregnant women unless, in the judgment of the physician, the potential 

benefits outweigh the possible hazards 

PRECAUTIONS: ° 

Head injury and increased intracranial pressure: The respiratory depressant effects of narcotics and their capacity to 

elevate cerebrospinal fluid pressure may be markedly exaggerated in the presence of head injury, other intracranial lesions or 
a pre-existing increase in intracranial pressure. Furthermore, narcetics produce adverse reactions which may obscure the 

clinical course of patients with head injuries 

Acute abdominal conditions: The administration of Empirin with Codeine or other narcotics may obscure the diagnosis or 

clinical course in patients with acute abdomina? conditions. 

Allergic: Precautions should be taken in administering salicylates to persons with known allergies: patients with her 

_ polyps are more likely to be hypersensitive to aspirin. 

> Special risk patients: Empirin with Codeine should be given with caution to certain patients such as the elderly or 
sdebilitated, and those with severe impairment of hepatic or renal function, hypothyroidism, Addison's disease, eee 

wpertrophy or urethral stricture, peptic ulcer, or coagulation disorders. 


PROVERSE REACTIONS: The most frequently observed adverse reactions to codeine include light-headedness, dizziness, 
Bie of nausea and opne These effects seem to he more ogi in ambulatory than in panana pat its and 
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SS, Sweating. thirst, nausea, and vomiting. Occasional ete experience gastric imitation and bleeding wi 
f jelo; bole ox and yoriting, Hypersensitivity may be rgi ed | 












AGE AND ADMINISTRATION: Dosage should be ae ed ae to the severity of the pain and the response 9 
t Mt may occasionally be necessary to exceed the usua! dosage recommended belawin cases ef more severe pain 
patients no have become tolerant to the mee effect at parte Empirin with kev iS orally. he: 
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Endoscopic Light/CO, source 
interfaces with Life-Tech’s uro- 
dynamic instrumentation allowing 
assembly of systems ranging in 
complexity from a simple, com- 
pact urethral profilometry/cysto- 
metry/urethroscopy instrument to 
a complete multi-channel urody- 
namics laboratory. A unique aspect 
of all Life-Tech’s urodynamic 
systems is their modularity. 
Initially a minimal system exactly 


tailored to the user’s needs can be 
acquired. At any later time, the 
system can be expanded and up- 
dated as needs change or new 
knowledge becomes available. 
Life-Tech is the oldest and 
largest manufacturer of urodyna- 
mic equipment. Our instrumenta- 
tion is Underwriters Laboratories 
listed. It is also the finest, most 
accurate and easiest-to-use diagnos- 
tic urodynamics test equipment 


available. Service support for Life- 
Tech’s products is provided by 
over 65 regional service centers 
backed by a fully equipped and 
staffed factory service facility. 
Trained, experienced Life-Tech 
personnel install all systems and 
provide in-service instruction on 
instrument operation. 

For additional information or for 
a demonstration in your office or 
clinic, please write or phone. 


Life-Tech 
Instruments, Inc. 


BOX 36221 © HOUSTON, TEXAS 77036 
(713) 783-6490 
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the “S” stands for softener 


For patients with hard, dry stools Provides DSS, the classic stool softener 
Hard, dry stools hurt, and may be hazardous DSS in SENOKOT-S Tablets complements the 

by causing straining. SENOKOT-S Tablets offer laxative effect of standardized senna concentrate 
comfortable relief by softening the stool and by “moistening” and softening the stool for 
stimulating its movement. smoother and easier passage. 

Provides standardized senna concentrate, Comfortable overnight action 

a clinically established laxative of choice With DSS and standardized senna concentrate, 
Standardized senna concentrate is a gentle, SENOKOT-S Tablets provide both softness and 
effective neuroperistaltic stimulant with documented stimulation for constipated patients with hard, dry 
effectiveness in thousands of patients. Its virtually stools. Taken at bedtime, SENOKOT-S Tablets 
colon-specific, gentle, predictable action is generally usually induce predictable, comfortable evacuation. 
free of side effects at proper dosage levels. the next morning. | 


Purdue Frederick 
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wee ete many patients who need iron 

| puter gore distress can interfere 
< with compliance. But it shouldn'tbea — 

ps jth with Feosol™ nc Capsules. 


~-Feosol provides i iron initsmosteasily 

: absorbed (bivalent) form, as ferrous sulfate, In <3 
~~. Spansule Capsules, the iron is divided among 

< controlied-release pellets that disperse overq =< 
gets area of the gastric mucosa, resulting in 

minimal distress and therefore better patient | x 
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Feosol is the brand of Focaunbiemental ba 
most often recommended by physicians for — ee ahr 
iron deficiency and-iron-deficiency anemia. “= | 
It can make your patients’ compliance : 
problems a thing of the past. Ask your Smith- 


> Kline & French Representative for samples. 
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IOESTRIN 15/30 


(1.5 mg norethindrone acetate and 
i mcg ethinyl estradiol tablets, USP) 


„He says 
theres no sense 
taking more estrogen 
than youneed. 


LOESTRIN*1.5/30 limits estrogen exposure and 
often reduces the frequency of estrogen-related side 
effects, because it contains just 30 mcg of ethinyl 
estradiol. LOESTRIN 1.5/30 combines this low 
estrogen dose with norethindrone acetate, a progestin 
thats been used alone for years in gynecologic 
therapy. Together, they offer more than 99% effective 
oral contraception. 


When youre considering starting new patients on 
the “pill” or switching patients from higher estrogen- 
containing OCs to the low-dose ones, consider 
LOESTRIN 1.5/30...available in a 21-day regimen 
and the convenient 28-day regimen which includes 
7 days of iron tablets to take during the “off-week’ 
and simplifies remembering to take the medication. 


LOESTRIN 1.5/30...highly effective 
protection with limited estrogen exposure 


Ed 
Please see following page for prescribing information. =: 


PARKE-DAVIS 


s Div of Warner-Lambert Co 
Morris Plains, NJ 07950 USA 
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mmary of Prescribing Information 
ESTRIN® 1.5/30 
(1,5 mg norethindrone acetate and 30 mcg ethinyl estradiol tablets, USP) See section under 
Special Notes on Administration and How Supplied 
RESTRIPTION 
Loestrin 1.5/30 Products are progestogen-estrogen combinations. 
INDICATION AND USAGE 
Loestrin 1.5/30 Products are indicated for the prevention of pregnancy in women who elect to 
use oral contraceptives. 
Ki In clinical trials with Loestrin 1.5/30 involving 17.139 therapy cycles, there was a pregnancy 
~- fate of 0.49 per 100 woman years. 
_ Dose-related risk of thromboembolism from oral contraceptives: Studies have shown a 
is Tee association between the dose of estrogens in oral contraceptives and the risk of 
tr romboembolism. It is prudent and in keeping with good principles of therapeutics to minimize 
“exposure to estrogen. The oral contraceptive prescribed for any given patient should be that 
_ Product which contains the least amount of estrogen that is compatible with an acceptable 
pregnancy rate and patient acceptance. 
_ CONTRAINDICATIONS 
_ 1, Thrombophiebitis or thromboembolic disorders 
2. A past history of deep-vein thrombophlebitis or thromboembolic disorders 
3. Cerebral vascular or coronary artery disease 
4. Known or suspected carcinoma of the breast 
a BEG <nown or suspected estrogen-dependent neoplasia 
6. Undiagnosed abnormal genital bleeding 
____7 Known or suspected pregnancy (See No. 5 under WARNINGS.) 
OW RNINGS 
|) Sa Ciga ette smoking increases the risk of serious cardiovascular side effects from 
į oralcontraceptive use. This risk increases with age and with heavy smoking (15 or 
Aa arte per day) and is quite marked in women over 35 years of age. 
~ | Women who use oral contraceptives should be strongly advised not to smoke. 
$ =~ The use of oral contraceptives is associated with increased risk of severa! serious 
= į conditions including thromboembolism, stroke, myocardial infarction, hepatic adenoma, 
sf gallbladder disease, and hypertension. Practitioners prescribing oral contraceptives 
E should be familiar with the following information relating to these risks. 
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blished. Studies have demonstrated an increased risk of fatal and nonfatal venous throm- 
mbolism and stroke, both hemorrhagic and thrombotic. š 
_ Cerebrovascular disorders: In a collaborative study in women with and without predisposing 
cal ses, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than 
_ nonusers, and the risk of thrombotic stroke was 4.0 to 9.5 times greater. 
__ Myocardial infarction: An increased risk of myocardial infarction associated with oral 
traceptives has been reported confirming a previously suspected association. These 

found that the greater the number of underlying risk factors (cigarette smoking, 
nsion, hypercholesterolemia, obesity. diabetes, history of preeclamptic toxemia) for 
ry. artery disease, the higher the risk of developing myocardial infarction, regardless of 
ether the patient was an oral contraceptive user or not. Oral contraceptives, however, were 
~ found to be a clear additional risk factor. 

l | has been estimated that users who do not smoke (smoking is considered a major predis- 
posing condition to myocardial infarction) are about twice as likely to have a fata! myocardial 
_ infarction as nonusers who do not smoke. Oral contraceptive users who are smokers have 
_ about a fivefold increased risk of fatal infarction compared to users who do not smoke, but 
out a tenfold to twelvefold increased risk comparec to nonusers who do not smoke. The 
ount of smoking is also an important factor. 
of dose: In an analysis of data, British investigators concluded that the risk of throm- 
embolism including coronary thrombosis is directly related to the dose of estrogen used in 
contraceptives; however, the quantity of estrogen may not be the sole factor involved, 
mate of excess mortality from circulatory diseases: The risk of diseases of the circula- 
Renis concentrated in older women, in those with a long duration of use, and in ciga- 


e smokers. 
A study of available data from a variety of sources concluded that the mortality associated 
Ww th all methods of birth control is low and below that associated with childbirth, with the 
_ @xception of oral contraceptives in women over 40 who smoke. 
~The risk of thromboembolic and thrombotic diseases associated with oral contraceptives 
-increases with age after approximately age 30 and, for myocardial infarction, is further 
Mes creased by hypertension, hypercholesterolemia, obesity, diabetes, or history of preeclamptic 
_ toxemia, and especially by cigarette smoking. 
eae physician and the patient should be alert to the earliest manifestations of thromboem- 
bolic and thrombotic disorders. Should any occur or be suspected, the drug should be 
_ discontinued immediately 
4 fourfold to sixfold increased risk of postsurgery thromboembolic complications has been 
orted in users. If feasible, oral contraceptives should be discontinued at least four weeks 
_ before surgery of a type associated with an increased risk of thromboembolism or prolonged 
immobilization. 
2. Ocular lesions: Neuro-ocular lesions, such as optic neuritis or retinal thrombosis, have 
"been associated with the use of oral contraceptives. Discontinue the oral contraceptive if there 
_ is unexplained sudden or gradual, partial, or complete loss of vision; onset of proptosis or 
diplopia; papilledema; or retinal vascular lesions. 
_ 3. Carcinoma: Long-term continuous administration of estrogen in certain animal species 
-increases the frequency of carcinoma of the breast, cervix, vagina, and liver 
y Dig In humans, an increased risk of endometrial carcinoma associated with the prolonged use of 
a exc genous estrogen in postmenopausal women has been reported. However, there is no 
= evidence suggesting increased risk of endometrial cancer in users of conventional combina- 
or progestogen-only oral contraceptives, 
tudies found no evidence of increase in breast cancer in women taking oral contraceptives; 
ever, an excess risk in users with documented benign breast disease was reported. 
There is no confirmed evidence of an increased risk of cancer associated with oral contra- 
a eptives. Close clinical surveillance of users is, nevertheless, essential. In cases of un- 
ets lagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic measures 
üld be taken to rule out malignancy. Women with a strong family history of breast cancer, or 
) have breast nodules, fibrocystic disease, or abnorma! mammograms, should be monitored 
vith particular care. 
= 4. Hepatic Tumors: Benign hepatic adenomas have been found to be associated with oral 
ite abdomie Because hepatic adenomas may rupture and may cause death through 
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id itra-abdomina! hemorrhage, they should be considered in women presenting abdominal pain 
nd tenderness, abdominal mass, or shock. 

A fewcases of hepatocellular carcinoma have been reported in women taking oral contra- 
~ ceptives. The relationship of these drugs to this type of malignancy is not known at this time. 

5, Usage in or Immediately Preceding Pregnancy. Birth Defects in Offspring, and Malignancy in 
ee Offspring: During early pregnancy, female sex hormones may seriously damage the 
offspring. 

An increased risk of congenital anomalies. including heart defects and limb defects, has 
been reported with the use of oral contraceptives in pregnancy 

There is some evidence that triploidy and possibly other types of polyploidy are increased 
among abortuses from women who become pregnant soon after ceasing oral contraceptives. 

» © @ Pregnancy should be ruled out before continuing an oral contraceptive in any patient who 
has missed two consecutive menstrual periods. If the patient has not adhered to the schedule, 
the possibility of pregnancy should be considered at the time of the first missed period, and oral 
contraceptives should be withheld until pregnancy has been ruled out. If pregnancy is con- 
firmed, the patient should be apprised of the potential risks to the fetus and the advisability of 
continuation of the pregnancy should be discussed. f- 
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Women who discontinue oral contraceptives with the intent of becoming pregnant shg}id 
use an alternate form of contraception for a period of time before attempting to conceive. 

Administration of progestogen-only or progestogen-estrogen combinations to induce 
withdrawal bleeding should not be used as a test of pregnancy. 

6. Gallbladder Disease: Studies report an increased risk of surgically confirmed gallbladder 
disease in users of oral contraceptives. 

7. Carbohydrate and Lipid Metabolic Effects: Because decreased glucose tolerance has been 
observed in a significant percentage of patients, prediabetic and diabetic patients should be 
carefully observed while receiving oral contraceptives. 

An increase in triglycerides and total phospholipids has been observed. 

8. Elevated Blood Pressure: An increase in Blood pressure has been reported in patients 
receiving oral contraceptives. The prevalence in users increases with longer exposure. Age is 
also strongly correlated with development of hypertension. Women who previously have had 
hypertension during pregnancy may be more likely to develop elevation of blood pressure. 

9. Headache: Onset or exacerbation of migraine or development of headache of a new 
pattern which is recurrent, persistent. or severe, requires discontinuation of oral contraceptives. 

10. Bleeding Irregularities: Breakthrough bleeding, spotting, and amenorrhea are frequent 
reasons for patients discontinuing oral contraceptives. In breakthrough bleeding, nonfu nal 
causes should be borne in mind. In undiagnosed abnormal bleeding from the vagina. Pe at 
diagnostic measures are indicated to rule out pregnancy or malignancy. 

Women with a past history of oligqomenorrhea or secondary amenorrhea, or young women 
without regular cycles should be advised that they may have a tendency to remain anovulatory 
or to become amenorrheic after discontinuation of oral contraceptives. 

11. Ectopic Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contraceptive 
ailures 

12. Breast Feeding. Oral contraceptives may interfere with lactation. Furthermore, a smal! 
fraction of the hormonal agents in oral contraceptives has been identified in the milk of mothers 
receiving these drugs. 

PRECAUTIONS 

1. A complete medical and family history should be taken prior to the initiation of oral 
contraceptives. The pretreatment and periodic physical examinations should include special 
reference to blood pressure, breasts, abdomen, and pelvic organs, including Papanicolaou 
smear and relevant laboratory tests. As a general rule, oral contraceptives should not be 
prescribed for longer than one year without another examination. 

2. Preexisting uterine leriomyomata may increase in size. 

3. Patients with a history of psychic depression should be carefully observed and the drug 
discontinued if depression recurs to a serious degree. 

4. Oral contraceptives may cause fluid retention and should be prescribed with caution, and 
only with careful monitoring, in patients with conditions which might be aggravated. 

5 Patients with a past history of jaundice during pregnancy have an increased risk of 
recurrence of jaundice. If jaundice develops, the medication should be discontinued 

6. Steroid hormones may be poorly metabolized and should be administered with caution in 
patients with impaired liver function 

7. Users may have disturbances in normal tryptophan metabolism, which may result ina 
relative pyridoxine deficiency. 

8. Serum folate levels may be depressed 

9. The pathologist should be advised of oral contraceptive therapy when relevant specimens 
are submitted. 

10. Certain endocrine and liver function tests and blood components may be affected. 

(a) Increased sulfobromophthalein retention. (b) Increased prothrombin and factors VII, Vill, 
IX, and X; decreased antithrombin 3; increased norepinephrine-induced platelet aggregability 
(c) Increased thyroid-binding globulin (TBG) leading to increased circulating total thyroid 
hormone. (d) Decreased pregnanediol excretion. (e) Reduced response to metyrapone test. 
Drug interactions: Reduced efficacy and increased incidence of breakthrough bleeding have 
been associated with concomitant use of rifampin and an association has been suggested with 
barbiturates, phenylbutazone, phenytoin sodium, and ampicillin 
ADVERSE REACTIONS 
An increased risk of the following serious adverse reactions has been associated with oral 
contraceptives. 

Thrombophlebitis: Pulmonary embolism: Coronary thrombosis; Cerebral thrombosis, 
Cerebral hemorrhage; Hypertension; Gallbladder disease; Benign hepatomas; Congenital 
anomalies. 

There is evidence of an association between the following conditions and the use of oral 
contraceptives, although additional confirmatory studies are needed. Mesenteric thrombosis, 
Neuro-ocular lesions, eg, retinal thrombosis and optic neuritis. 

The following adverse reactions have been reported in patients receiving oral contraceptives 
and are believed to be drug-related: Nausea and/or vomiting, usually the most common 
adverse reactions, occur in approximately 10 percent or less of patients during the first cycle. 
Other reactions, as a general rule, are seen much less frequently or only occasionally: gastroin- 
testinal symptoms: breakthrough bleeding: spotting; change in menstrual flow, dysmenor- 
rhea; amenorrhea during and after treatment; temporary infertility after discontinuance of 
treatment; edema: chloasma or melasma; breast changes; change in weight; change in 
cervical erosion and cervical secretion: possible diminution in lactation when given immedi- 
ately post partum: cholestatic jaundice; migraine: increase in size of uterine leiomyomata: rash 
(allergic); mental depression; reduced tolerance to carbohydrates; vaginal candidiasis; 
change in corneal curvature; intolerance to contact lenses. 

The following adverse reactions have been reported and the association has been neither 
confirmed nor refuted. 

Premenstrual-like syndrome: cataracts; changes in libido; chorea; changes in appetite; 
cystitis-like syndrome; headache; nervousness: dizziness; hirsutism; loss of scalp hair; 
erythema multiforme; erythema nodosum; hemorrhagic eruption. vaginitis, porphyria. 

Special Notes on Administration 

Loestrin 1.5/30 (1.5 mg norethindrone acetate and 30 mcg ethinyl estradiol tablets, 
USP) —Menstruation usually begins two or three days, but may begin as late as the fourth or 
fifth day, after discontinuing medication 

Loestrin 1.5/30 — Menstruation usually begins two or three days, but may begin as late as 
the fourth or fifth day, after the brown ferrous fumarate tablets have been started. 

Because of the relatively low estrogenic content, Loestrin 1.5/30 1s not a good cyclic regula- 
tor. There are patients whose inherent hormone balance will require larger amounts of estrogen 
than that contained in Loestrin 1.5/30 to achieve cyclic regularity. These patients experience 
altered bleeding patterns, which do not conform to treatment schedules. 

The physician should be alert to the fact that the irregular bleeding patterns could mask 
bleeding from organic cause, and appropriate diagnostic measures should be taken if the 
bleeding persists or continues after changing to a higher estrogen-content product. 

After several months, bleeding may be reduced to a virtual absence; reduced flow may bea 
result of medication and not indicative of pregnancy. 

HOW SUPPLIED 

Loestrin 1.5/30 is available in compacts each containing 21 green tablets and 7 brown 
tablets. Each green tablet contains 1.5 mg of norethindrone acetate and 30 mcg of ethinyl 
estradiol. Each brown tablet contains 75 mg of ferrous fumarate. Available in packages of five 
compacts and packages of five refills. 

Loestrin 1.5/30 is available in compacts each containing 21 tablets. Each green tablet 
contains 1.5 mg of norethindrone acetate and 30 mcg of ethinyl estradiol. Available in pack- 
ages of five compacts and packages of five refills. 
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21 peach tablets of norethindrone 0.4 mg and ethinyl estradiol 0.035 mg. 
Each green tablet in the 28-day regimen contains inert ingredients. 


its safe _ 
its effective 
and its lower dose 


For Brief Su mmary, see next page. 





‘QVCON-35 


21 peach tablets of norethindrone 0.4 mg and 
ethinyl estradiol 0.035 mg. Each green tablet 
in the 28-day regimen contains inert ingredients. 


Indications and Usage: Ovcon is indicated for the prevention of pregnancy. Some combination 
-~ products containing 35 mcg. or less of ethinyl estradiol report slightly higher pregnancy rates than 
are reported for the higher dose combination products. 

Contraindications: Oral contraceptives should not be used in women with any of the following 
conditions: 1) Thrombophlebitis or thromboembolic cisorders. 2) A past history of deep vein 
= thrombophlebitis or thromboembolic disorders. 3) Cerebral vascular or coronary artery disease. 
= 4) Known or suspected carcinoma of the breast. 5) Known or suspected estrogen dependent 

7 icopasia. 6) Undiagnosed abnormal genital bleeding. 7) Known or suspected pregnancy. 

Warnings: 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral 
| contraceptive use. Women who use oral contraceptives should be strongly advised not to smoke. 
- Use of oral contraceptives is associated with increased risk of several serious conditions, 

including thromboembolism, stroke, myocardial infarction, hepatic adenoma, gallbladder 
| disease, hypertension. Practitioners prescribing oral contraceptives should be familiar with the 
į following information relating to these risks. 


1) Thromboembolic Disorders and Other Vascular Problems. An increased risk of thrompoembolic and 
‘thrombotic disease associated with use of oral contraceptives is well established. Three principal 
studies in Great Britain and three in the United States have demonstrated an increased risk of fatal and 
nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies 
estimate that users of oral contraceptives are 4 to 11 times more likely than nonusers to develop these 
diseases without evident cause. In a study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater than 
nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater. An increased risk of myocardial 
-infarction associated with the use of oral contraceptives has been reported. Studies conducted inthe 
-United Kingdom found that the greater the number of underlying risk factors for coronary artery 
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pi gael toxemia) the higher the risk of developing myocardial infarction, regardless of whether 
` thepatient was an oral contraceptive user or not. Oral contraceptives, however, were found to be a 
lear additional risk factor. Interms of relative risk, it has been estimated that oral contraceptive users 
___ who do not smoke (smoking considered a major predisposing condition to myocardial infarction) are 
about twice as likely to have a fatal myocardial infarction compared to nonusers who do not smoke. 
Oral contraceptive users who smoke have about a 5-fold increased risk of fatal infarction compared to 
~ users who do not smoke but about a 10- to 12-fold increased risk compared to nonusers who do not 
re smoke. The amount of smoking is a very important factor. British investigators concluded that the 
= tisk of thromboembolism including coronary thrombosis is directly related to the dose of estrogen 
= usedin oral contraceptives; preparations containing 100 mcg. or more of estrogen were associated 
~ witha higher risk of thromboembolism than those containing 50-80 mcg. of estrogen. The relative 
-fisk of thromboembolic disease associated with progestin-only oral contraceptives has not been 
= determined. Cases of thromboembolic disease have been reported in women using progestin-only 
~ products, and they should not be presumed to be risk-free. The overall excess mortality rate annually 
from circulatory diseases for oral contraceptive users was estimated to be 20 per 100,000 (ages 
15-35, 5/100,000; ages 35-44, 33/100,000; ages 45-49, 140/100,000). the risk being 
concentrated in older women, in those with a long duration of use, anc in cigarette smokers. The 
highest risk was found in heavy cigarette smokers (15 or more cigarettes per day) who used oral 
Contraceptives and were aged 40 or older. Women who smoke should be advised not to use oral 
contraceptives. The use of oral contraceptives in women over age 40 with other risk factors is not 

¢ recommended. The mortality associated with all of the methods of birth control is low compared to 
i the risk of childbirth, with the exception of oral contraceptive users who smoke and are over age 40. 
S The lowest mortality is associated with the condom or diaphragm backed up by early abortion. The 
z risk of thromboembolic and thrombotic disease associated with oral contraceptives increases with 
age after approximately age 30 and for myocardial infarction is further increased by hypertension, 

` hypercholesterolemia, obesity, diabetes, or history of preeclamptic toxemia, and especially by 
= cigarette smoking. The physician and the patient should be alert to the earliest manifestations of 
-= thromboembolic and thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, cere- 
brovascular insufficiency, coronary occlusion, retinal thrombosis and mesenteric thrombosis). 
= Should any of these occur or be suspected, the drug should be discontinued immediately. If feasible, 
-oral contraceptives should be discontinued at least 4 weeks before surgery of a type associated with 
` an increased risk of thromboembolism or prolonged immobilization. 2) Ocular Lesions. There have 
-~ been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis associated with the 
F use of oral contraceptives. Discontinue the medication if there is unexplained sudden or gradual, 
~ partial or complete loss of vision; sudden onset of proptosis or diplopia; papilledema; or retinal 
-vascular lesions, and institute appropriate diagnostic and therapeutic measures. 3) Carcinoma. 
= Long term administration of either natural or synthetic estrogen in certain animal species increases 
ki the frequency of carcinoma of the breast, cervix, vagina and liver. Inhumans, one study investigated 
| thefirst 21 cases of endometrial adenocarcinoma in women on oral contraceptives reported to a 
x registry. Of those women without predisposing risk factors for this disease, nearly all occurred in 
= women who had used a sequential oral contraceptive. No evidence has been reported suggesting an 
= increased risk of endometrial cancer in users of conventional combination or progestin-only oral 
= Contraceptives. No increase in breast cancer in women taking oral contraceptives has been reported 
___ although one study reported an increased risk of breast cancer in subgroups of women treated using 
is oral contraceptives with documented benign breast disease. There is at present no confirmed 
= evidence from human studies of an increased risk of cancer associated with oral contraceptives. 
= Close clinical surveillance of all women taking oral contraceptives is essential. In all cases of 
= undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic measures 
-should be taken to rule out malignancy. Women with a strong family history of breast cancer or who 
= have breast nodules, fibrocystic disease or abnormal mammograms should be monitored with 
__ particular care if they elect to use oral contraceptives. 4) Hepatic Adenoma Benign hepatic adenomas 
rg ave been found to be associated with the use of oral contraceptives. One study reported a higher risk 
= associated with oral contraceptive formulations with high hormonal potency. Although benign and 
= rare, hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. 
This has been reported in short term as well as long term users of oral contraceptives. Two studies 
___ relate the risk with duration of contraceptive use, the risk being much greater after 4 or more years of 
oral contraceptive use. While hepatic adenoma is a rare lesion, it should be considered in women 
presenting abdominal painand tenderness, abdominal mass, or shock. A few cases of hepatocellular 
carcinoma have been reported in women taking oral contraceptives. The relationship of these drugs 

to this type of malignancy is not known at this time. 5) Usein Pregnancy, Birth Defects in Offspringand 
Malignancy in Female Offspring. Fetal abnormalities have been reported to occur in the offspring of 
women who have taken progestogens and/or estrogens during pregnancy. It has been shown that 
females exposed in utero to diethylstilbestrol, a nonsteroidal estrogen, have an increased risk of 
developing in later life a form of vaginal or cervical cancer that is ordinarily extremely rare. A high 
percentage of such exposed women (30% to 90%) have been found to have epithelial changes of the 
vagina and cervix. Although these changes are histologically benign it is not known whether this 
See condition is a precursor of vaginal malignancy. Male children so exposed may develop abnormalities 
A of the urogenital tract. Similar data are not available with the use of other estrogens but it cannot be 
» *®@ presumed that they would notinduce similar changes. The data suggest that the risk of limb reduction 
defects in exposed fetuses is somewhat less than 1 in 1000 live births. In the past, female sex 
hormones have been used genog pregnancy in an attempt to treat threatened or habitual abortion. 

There is considerable evidence that estrogens are ineffective for these indications and there is no 
evidence from well-controlled studies that progestins are effective for these uses. Increases in 
chromosomal aberrations have been reported in women who become pregnant koon after ceasing 
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oral contraceptive therapy. Embryos with these anomalies are virtually always spontaneously 
aborted. Whether thereisan overall increasein spontaneous abortion of pregnancies conceived soon 
after stopping oral contraceptives is unknown. It is recommended that for any patient who has 
missed two consecutive periods, pregnancy should be ruled out before continuing the contraceptive 
regimen. If the patient has not adhered to the prescribed schedule, the possibility of pregnancy 
should be considered at the time of the first missed period and further use of oral contraceptives 
should be withheld until pregnancy has been ruled out. If pregnancy is confirmed the patient should 
be apprised of the potential risks to the fetus and thgadvisability of pregnancy continuation should be 
discussed in light of these risks. It is also recommended that women who discontinue oral 
contraceptives with the intent of becoming pregnant use an alternate form of contraception for a 
period of time before attempting to conceive. Many clinicians recommend three months. 
Administration of progestin-only or progestin-estrogen combinations to induce withdrawal bleeding 
should not be used as a test for pregnancy. 6) Gall Bladder Disease. Studies have reported an 
increased risk of surgically confirmed gallbladder disease spprarng after one year of oral 
contraceptive use and doubling of the risk after 4 or 5 years of use. 7) Carbohydrate and Lipid 
Metabolic Effects. A decrease in glucose tolerance has been observed in a significant percentag 
patients on oral contraceptives. For this reason, prediabetic and diabetic patients should be carefully 
observed while receiving oral contraceptives. Increased serum levels of triglycerides and total 
phospholipids have been observed in oral contraceptive users. The clinical significance of this 
observation is unknown at this time. 8) Elevated Blood Pressure. An increase in blood pressure has 
been reported in women receiving oral contraceptives. The prevalence of hypertension in oral 
contraceptive users may be no higher than nonusers in the first year of oral contraceptive use but 
increases with longer exposure and in the fifth year of use is two and one-half to three times the 
reported prevalence in the first year. Women who previously had hypertension during pregnancy may 
be more likely to develop elevation of blood pressure when given oral contraceptives. 9) Headaches. 
The onset or exacerbation of migraine or development of headache of a new pattern which is re- 
current, persistent or severe, requires discontinuation of oral contraceptives and investigation of the 
cause. 10) Bleeding Irregularities. Breakthrough bleeding, spotting and amenorrhea are frequent 
reasons for patients discontinuing oral contraceptives. In breakthrough bleeding, as in all cases of 
irregular bleeding from the vagina, nonfunctional causes should be borne in mind. In undiagnosed 
persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures are 
indicated to rule out pregnancy or malignancy. If pathology has been excluded, time or change to 
another formulation may solvethe problem. Changing to an oral contraceptive witha higher estrogen 
content, while potentially useful in minimizing menstrual irregularity, should be done only if 
necessary since this may increase the risk of thromboembolic disease. Women with a past history of 
oligomenorrhea or secondary amenorrhea or young women without regular cycles may have a 
tendency to remain anovulatory or to become amenorrheic after discontinuation of oral contracep- 
tives. Women with these preexisting problems should be advised of this possibility and encouraged 
to use other contraceptive methods. 11) Ectopic Pregnancy. Ectopic as well as intrauterine pregnancy 
may occur in contraceptive failures. However, in oral contraceptive failures, the ratio of ectopic to 
intrauterine pregnancies is higher than in women not using oral contraceptives since the drugs are 
more effective in preventing intrauterine rather than ectopic pregnancy. The higher ectopic- 
intrauterine ratio has been reported with both combination products and progestin-only oral 
contraceptives. 12) Breastfeeding. Asmallfraction of the hormonal agents in oral contraceptives has 
been identified in the milk of mothers receiving these drugs. The long-range effect to the nursing 
infant cannot be determined at this time 

Precautions: 1) A complete medical and family history should be taken prior to the initiation of oral 
contraceptives. Examination should include special reference to blood pressure, breasts, abdomen 
and pelvic organs. including Papanicolaou smear and relevant laboratory tests. As a general rule, oral 
contraceptives should not be prescribed for longer than 1 year without another physical examination 
being performed. 2) Under the influence of estrogen-progestogen preparations, preexisting uterine 
leiomyomata may increase in size. 3) Patients with a history of psychic depression should be 
carefully observed and the drug discontinued if depression recurs to a serious degree. 4) Because 
oral contraceptives may cause some degree of fluid retention, conditions which might be aggravated 
by fluid retention, such as convulsive disorders, migraine syndrome, cardiac or renal insufficiency or 
asthma require careful observation. 5) Patients with a past history of jaundice during pregnancy have 
an increased risk of recurrence of jaundice while receiving oral contraceptive therapy. If jaundice 
develops in any patient receiving such drugs, the medication should be discontinued. 6) Steroid 
hormones may be poorly metabolized in patients with impaired liver function and should be 
administered with caution in such patients. 7) Oral contraceptive users may have disturbances in 
normal tryptophan metabolism which may result in a relative pyridoxine deficiency. The clinical 
significance of this is yet to be determined. 8) Serum folate levels may be depressed by oral 
contraceptive therapy. This may complicate subsequent pregnancy with regard to folate deficiency. 
9) The pathologist should be advised of oral contraceptive therapy when relevant specimens are 
submitted. 10) Certain endocrine and liver function tests and blood components may be affected by 
estrogen-containing oral contraceptives: a. Increased sulfobromophthalein retention. b. Increased 
prothrombin and factors VII, VIII, IX, and X; decreased antithrombin 3: increased norepinephrine- 
induced platelet aggregability. c. Increased thyroid binding globulin (TBG) leading to increased 
circulating total thyroid hormone, as measured by protein-bound iodine (PBI), Ta by column, or Ta bY 
radioimmunoassay. Free T, resin uptake is decreased, reflecting the elevated TBG, free T, 
concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced response to 
metyrapone test. 

Information for the Patient: Detailed Patient Labeling has been prepared for use by the patient and has 
been made available for distribution by the pharmacist. 

Drug Interactions: Reduced efficacy and increased incidence of breakthrough bleeding have been 
associated with concomitant use of rifampin. A similar association has been suggested with 
barbiturates, phenylbutazone, phenytoin sodium and ampicillin. 

Adverse Reactions: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see Warnings): Thrombophlebitis, pulmonary embolism, 
coronary thrombosis, cerebral thrombosis, cerebral hemorrhage, hypertension, gall bladder 
disease, congenital anomalies. Thereis evidence of an association between the following conditions 
and the use of oral contraceptives, although additional confirmatory studies are needed: Mesenteric 
thrombosis; benign hepatomas; neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 
The following adverse reactions have been reported in patients receiving oral contraceptives and are 
believed to be drug related: Nausea and/or vomiting, usually the most common adverse reactions, 
occur in ADprorim ioy 10% or less of patients during the first cycle (Other reactions, as a general 
rule, are seen much less frequently or only occasionally.); gastrointestinal symptoms (such as 
abdominal cramps and bloating); breakthrough bleeding; spotting; change in menstrual flow, 
dysmenorrhea: amenorrhea during and after treatment; temporary infertility after discontinuance of 
treatment; edema; chloasma or melasma which may persist; breast changes (tenderness, 
enlargement, and secretion); change in weight (increase or decrease); change in cervical erosion and 
cervical secretion; possible diminution in lactation when given immediately postpartum: cholestatic 
jaundice; migraine; increase in size of uterine leiomyomata; rash (allergic); mental depression; 
reduced tolerance to carbohydrates; vaginal candidiasis. The following adverse reactions have been 
reported in users of oral contraceptives, and the association has been neither confirmed nor refuted: 
Premenstrual-like syndrome, intolerance to contact lenses, change in corneal curvature (steepen- 
ing), cataracts, changes in libido, choréa, changes in appetite, cystitis-like syndrome, headache, 
nervousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, erythema nodosum, 
hemorrhagic eruption, vaginitis, porphyria, impaired renal function. 

Acute Overdosage: Serious ill effects have not been reported following acute ingestion of large doses 
of oral contraceptives by young children. Overdosage may cause nausea, and withdrawal bleeding 


may occur in females. 
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Introducing Precise, the advanced 
disposable skin stapler 
specifically designed to provide 
the control and feel of a 

quality surgical instrument. 


e 
Precise is lightweight and finely 
balanced for maneuverability. The 
natural surgical grip is comfortable, 
easy to fire and highly tactile ... all of 
this affords you speed plus greater 
control of the instrument. With Precise 
you can pre-cock highly visible staples 
to achieve more accurate staple 
placement. 


Controlled stapling for Precise results 


Surgical Products Division/3M 
3M Center, St. Paul, MN 55144 
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Color-coded — 
by staple width 


Lightweight 
and balanced 






Finger-tip control 


Staple counter — 
indicates number of 
staples remaining 


Pre-cock feature 
Highly visible staple for more 
accurate staple placement. 


Actual size 


When your choice is 
less than 50 mcg of estrogen... 
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a trusted j 
progestogen: 


An established level of 
norethindrone, with 
23,000,000 woman-years 
of clinical experience. 





Highly effective —no pregnancies 
occurred in clinical studies when 
taken as directed. 

Overall pregnancy rate of 0.17 per 100 
woman-years in clinical trials involving 940 
women completing 14,366 cycles. 


An estrogen/ progestogen combination 
& trusted with a low incidence of amenorrhea 
and breakthrough bleeding ` 


= strogen level. During clinical trials, Ortho-Novum 1735 


consistentiy demonstrated support of 
35 mcg ethinyl estradiol endometrial integrity., with breakthrough 


provides a low estrogen level ae Se ene 


INO combination chosen by Available in 21- and 28-day regimens 
omputer analysis of clinical data. inthe unique Dialpak* tablet dispense 


' is Minor side effects have been reported with the use of oral Please see Complete Prescribing Information, 
ves. These include thromboembolic disease . 1 zia a brief summary of which appears on the next page. 
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complete prescribing information certain text, tables, and references. The physician should be thoroughly familiar with the 
complete prescribing information and patient information before prescribing the product. g 


INDICATION: CONTRACEPTION. The pregnancy rate in women using conventional combination oral contraceptives (containing 
+@mcg or more of ethinyl estradiol or 50 mcg or more of mestranol) is generally reported as less than one pregnancy per 
100 woman-years of use. Slightly higher rates (somewhat more than one pregnancy per 100 woman-years of use) are 
reported for some combination products containing 35 mcg or less of ethinyl estradiol, and rates on the order of three 
pregnancies per 100 woman-years are reported for the progestogen-only oral contraceptives. Table 1 gives ranges of 
rates reported in the literature for other means of contraception. The efficacy of these means of contraception 

(except the IUD) depends upon the degree of adherence to the method. 
Table 1: Pregnancies Per 100 Women-Years. IUD, less than 1-6: Diaphragm with spermicidal product (creams or jellies), 2-20; 
Condom, 3-36; Aerosol foams, 2-29; Jellies and creams, 4-36: Periodic abstinence (rhythm) all types, less than 1-47: 1. 
Calendar method, 14-47; 2. Temperature method, 1-20; 3. Temperature method—intercourse only in postovulatory phase, 
less than 1-7; 4. Mucus method, 1-25; No contraception, 60-80. DOSE-RELATED RISK OF THROMBOEMBOLISM FROM ORAL 
CONTRACEPTIVES: Two studies have shown a positive association between the dose of estrogens in oral contraceptives and 
the risk of thromboembolism. For this reason, it is prudent and in keeping with good principles of therapeutics to minimize 
exposure to estrogen. The oral contraceptive product prescribed tor any given patient should be that product which 
contains the least amount of estrogen that is compatible with an acceptable pregnancy rate and patient acceptance. It is 
recommended that new acceptors of oral contraceptives be started on preparations containing .05 mg or less of estrogen 
TIONS: Oral contraceptives should not be used in women with any of the following conditions: 1, Throm- 
bophiebitis or thromboembolic disorders. 2. A past history of deep vein thrombophlebitis or thromboembolic disorders. 3. 
Cerebral vascular or coronary artery disease. 4. Known or Suspected Carcinoma of the breast. 5. Known or suspected 
estrogen-dependent neoplasia. 6. Undiagnosed, abnormal genital bleeding. 7. Known or suspected pregnancy (see WARN- 
INGS, No. 5). 8. Benign or malignant liver tumor which developed during the use of oral contraceptives or other estrogen- 

containing products. 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects {rom oral contraceptive use. This risk 
increases with age and with heavy smoking (15 or more cigarettes per day) and is quite marked in women over 35 years of 
age. Women who use oral contraceptives should be strongly advised not to smoke. 

The use of oral contraceptives is associated with increased risk of several serious conditions including thromboembolism, 
stroke, myocardial infarction, hepatic adenoma, gallbladder disease. hypertension. Practitioners prescribing oral contra- 
ceptives should be familiar with the following information relating to these risks. 


1. THROMBOEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS. An increased risk of thromboembolic and throm- 
botic disease associated with the use of oral contraceptives is well established. Four principal studies in Great Britain and 
three in the United States have demonstrated an increased risk of fatal and nonfatal venous thromboembolism and stroke, 
both hemorrhagic and thrombotic. These studies estimate that users of oral contraceptives are 4 to 11 times more likely 
than nonusers to develop these diseases without evident cause. Overall excess mortality due to pulmonary embolism or 
Stroke is on the order of 1.0 to 3.5 deaths annually per 100,000 users and increases with age. CEREBROVASCULAR DIS- 
ORDERS: in a collaborative American study of cerebrovascular disorders in women with and without predisposing causes, 
it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than in nonusers and the risk of 
thrombotic stroke was 4.0 to 9.5 times greater in users than in nonusers. 

MYOCARDIAL INFARCTION: An increased risk of myocardial infarction associated with the use of oral contraceptives has 
been reported confirming a previously suspected association. These studies, conducted in the United Kingdom, found, as 
expected, that the greater the number of underlying risk factors for coronary artery disease (cigarette smoking, hyper- 
tension, hypercholesterolemia, obesity, diabetes, history of preeclamptic toxemia), the higher the risk of developing myo- 
cardial infarction, regardless of whether the patient was an oral contraceptive user or not. Oral contraceptives, however, 
were found to be a clear additional risk factor. The annual excess case rate (increased risk) of myocardial infarction (fatal 
and nonfatal) in oral contraceptive users was estimated to be approximately 7 cases per 100,000 women users in the 
30-39 age group and 67 cases per 100,000 women users in the 40-44 age group. In terms of relative risk, it has been 
estimated that oral contraceptive users who do not smoke (smoking is considered a major predisposing condition to 
myocardial infarction) are about twice as likely to have a fatal myocardial infarction as nonusers who do not smoke. Oral 
contraceptive users who are also smokers have about a 5-fold increased risk of fatal infarction compared to users who do 
not smoke, but about a 10-to 12-fold increased risk compared to nonusers who do not smoke. Furthermore, the amount of 
Smoking is also an important factor. In determining the importance of these relative risks, however, the baseline rates for 
various age groups must be given serious consideration. The importance of other predisposing conditions mentioned 
above in determining relative and absolute risks has not as yet been quantified; it is quite likely that the same synergistic 
action exists, but perhaps to a lesser extent. Risk of Dose: in an analysis of data derived from several national adverse 
reaction reporting systems, British investigators concluded that the risk of thromboembolism including coronary throm- 
bosis is directly related to the dose of estrogen used in oral contraceptives. Preparations containing 100 mcg or more of 
estrogen were associated with a higher risk of thromboembolism than those containing 50-80 mcg of estrogen. Their 
analysis did suggest, however, that the quantity of estrogen may not be the sole factor involved. This finding has been 
confirmed in the United States. Careful epidemiological studies to determine the degree of thromboembolic risk associated 
with progestogen-only oral contraceptives have not been performed. Cases of thromboembolic disease have been reported 
in women using these products, and they should not be presumed to be free of excess risk. The risk of thromboembolic 
and thrombotic disorders, in both users and nonusers of oral contraceptives, increases with age. Oral contraceptives are, 
however, an independent risk factor for these events. ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES: A 
large prospective study carried out in the United Kingdom estimated the mortality rate per 100,000 women per year from 
diseases of the circulatory system for users and nonusers of oral contraceptives according to age, smoking habits, and 
duration of use. The overall excess death rate annually from circulatory diseases for oral contraceptive users was esti- 
mated to be 20 per 100,000 (ages 15-34—5/ 100,000; ages 35-44—33/ 100,000; ages 45-49—140/ 100,000), the risk being 
concentrated in older women, in those with a long duration of use, and in cigarette smokers. It was not possible, however, 
to examine the interrelationships of age, smoking, and duration of use, nor to compare the effects of continuous versus 
intermittent use. Although the study showed a 10-fold increase in death due to Circulatory diseases in users for five or 
more years, all of these deaths occurred in women 35 or older. Until larger numbers of women under 35 with continuous 
use for five or more years are available, it is not possible to assess the magnitude of the relative risk for this younger age 
group. Another study published at the same time confirms a previously reported increase of mortality in pill users from 
cardiovascular disease. The available data from a variety of sources have been analyzed to estimate the risk of death 
associated with various methods of contraception. The estimates of risk of death for each method include the combined 
risk of the contraceptive method (e.g., thromboembolic and thrombotic disease in the case of oral contraceptives) plus the 
risk attributable to pregnancy or abortion in the event of method failure. This latter risk varies with the effectiveness of the 
contraceptive method. The findings of this analysis are shown in Figure 1 below. The Study concluded that the mortality 
associated with all methods of birth control is low and below that associated with childbirth, with the exception of oral 
contraceptives in women over 40 who smoke. (The rates given for pill only/smokers for each age group are for smokers as 
a Class. For “heavy” smokers [more than 15 cigarettes a day], the rates given would be about double. for “light” smokers 
[less than 15 cigarettes a day), about 50 percent.) The mortality associated with oral contraceptive use in nonsmokers 
over 40 is higher than with any other method of contraception in that age group. The lowest mortality is associated with 
the condom or diaphragm backed up by early abortion. The risk of thromboembolic and thrombotic disease associated 
with oral contraceptives increases with age after approximately age 30 and, for myocardial infarction, is further increased 
by hypertension, hypercholesterolemia, obesity, diabetes, or history of preeciamptic toxemia and especially by cigarette 
smoking. The risk of myocardial infarction in oral contraceptive users is Substantially increased in women age 40 and 
over, especially those with other risk factors. Based on the data currently available, the following chart gives a gross 
estimate of the risk of death from circulatory disorders associated with the use of oral contraceptives 

















SMOKING HABITS AND OTHER PREDISPOSING CONDITIONS—RISK ASSOCIATED WITH USE OF ORAL CONTRACEPTIVES 


e Below 30 30-39 40+ 
O T n a i POE EEEE C B A A—Use associated with very high risk. 
SENN TNE vei wsudesnnweeieesi D C B  B—Use associated with high risk. 
Nonsmokers (no predisposing conditions) .... D C.D C  C—Use associated with moderate risk. 
Nonsmokers (other predisposing conditions). . C C.B BA D—Use associated with low risk. 


The physician and the patient should be alert to the earliest manifestations of thromboembolic and thrombotic dis- 
orders (e.g., thrombophlebitis, pulmonary embolism, cerebrovascular insufficiency, coronary occlusion, retinal throm- 
bosis, and mesenteric thrombosis). Should any of these occur or be suspected, the drug should be discontinued 
immediately. A four- to six-fold increased risk of postsurgery thromboembolic complications has been reported in oral 
contraceptive users. If feasible, oral contraceptives should be discontinued at least four weeks before surgery of a type 
associated with an increased risk of thromboembolism or prolonged immobilization. 2. OCULAR LESIONS. There have 
been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis associated with the use cf oral 
contraceptives. Discontinue oral contraceptive medication if there is unexplained, sudden or gradual, partial or com- 
plete loss of vision; onset of proptosis or diplopia; papilledema; or retinal vascular lesions and institute appropriate 
diagnostic and therapeutic measures. 3. CARCINOMA. Long-term continuous administration of either natural or syn- 
thetic estrogen in certain animal species increases the frequency of carcinoma of the breast, cervix, vagina, and liver. 
Certain synthetic progestogens, none currently contained in oral contraceptives, have been noted to increase the 
incidence of mammary nodules, benign and malignant, in dogs. In humans, three case control studies have reported an 
increased risk of endometrial carcinoma associated with the prolonged use of exogenous estrogen in postmenopausal 
women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of adenocarci- 
noma of the endometrium in women under 40 on oral contraceptives. Of the cases found in women without predisposing 


æ ° sk factors for adenocarcinoma of the endometrium (e.g., irregular bleeding at the time oral contraceptives were first 


given, polycystic ovaries), nearly all occurred in women who had used a sequential oral contraceptive. These products 
are no longer marketed. No evidence has been reported suggesting an increased risk of endometrial cancer in users of 
conventional combination or progestogen-only oral contraceptives. Several studies have found no increases in breast 
cancer in women taking oral contraceptives or estrogens. One study, however, while also noting no overall increased 
risk of breast cancer in women treated with oral contraceptives, found an excess risk in the subgroups of oral contra- 
ceptive users with documented benign breast disease. A reduced occurrence of benign breast tumors i@ users of oral 
* Contraceptives has been well-documented. In summary, there is at present no confirmed evidence from human studies 
of an increased risk of cancer associated with oral contraceptives. Close clinical surveillance of all women taking oral 
contraceptives is, nevertheless, essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal bleed- 
ing, appropriate diagn@stic measures should be taken to rule out malignancy. Women with a Strong family history of 
har Nesp or who have breast nodules, fibrocystic disease or abnormal mammograms should be monitored with 
particular care if they elect to use oral contraceptives instead of other methods of contraception. *Trademark 
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No method 5.5 5.2 7.1 14.0 19.3 21.9 | 
Abortion only 23 2.5 25 5.2 9.8 66 
Pill only-nonsmokers 1.3 1.4 1.4 2.2 4.5 3.1 
Pill only-smokers 1.5 1.6 1.6 10.8 13.4 ,@589 
IUDs only 1.1 1.2 1.2 1.4 16 . 14 
Traditional contraception only 1.1 1.4 1.9 3.7 4.7 40 
Traditional contraception and abortion 0.3 0.4 04 0.8 14 0.8 


4. HEPATIC TUMORS. Benign hepatic adenomas have been found to be associated with the use of oral contraceptives. One 
Study showed that oral contraceptive formulations with high hormonal potency were associated with a higher risk than 
lower potency formulations and use of oral contraceptives with high hormonal potency and age over 30 years may further 
increase the woman's risk of hepatocellular adenoma. Although benign, hepatic adenomas may rupture and may cause 
death through intra-abdominal hemorrhage. This has been reported in short-term as well as long-term users of oral 
contraceptives. Two studies relate risk with duration of use of the contraceptive, the risk deing much greater after four or 
more years of oral contraceptive use, While hepatic adenoma is a rare lesion, it should be considered in women presenting 
abdominal pain and tendemess, abdominal mass or sh@&k. A few cases of hepatocellular carcinoma have been reported in 
women taking oral contraceptives. The relationship of these drugs to this type of malignancy is not known at this time. 5. 
USE IN OR IMMEDIATELY PRECEDING PREGNANCY, BIRTH DEFECTS IN OFFSPRING, AND MALIGNANCY IN FEMALE OFF- 
SPRING. The use of female sex hormones—both estrogenic and progestational agents—during early pregnancy may 
seriously damage the offspring. It has been shown that females exposed in utero to Giethyistilbestrol, a nonsteroidal 
estrogen, have an increased risk of developing in later life a form of vaginal or cervical cancer that is ordinarily extremely 
rare, This risk has been estimated to be on the order of 1 to 4 in 1000 exposures. Although there is no evidence at the 
present time that oral contraceptives further enhance the risk of developing this type of malignancy, such patients should 
be monitored with particular care if they elect to use oral contraceptives instead of other methods of conyaception. 
Furthermore, a high percentage of such exposed women (from 30 to 90%) have been found to have epithelial changes of 
the vagina and cervix. Although these changes are histologically benign, it is not known whether this condition is a 
precursor of vaginal malignancy. Male children so exposed may develop abnormalities of the urogenital tract. Although 
similar data are not available with the use of other estrogens, it cannot be presumed that they would not induce similar 
changes. An increased risk of congenital anomalies, including heart defects and limb detects, has been reported with the 
use of sex hormones, including oral contraceptives, in pregnancy. One case control study has estimated a 4.7-fold increase 
in risk of limb-reduction defects in infants exposed in utero to sex hormones (oral contraceptives, hormonal withdrawal 
tests for pregnancy or attempted treatment for threatened abortion). Some of these exposures were very short and 
involved only a few days of treatment. The data suggest that the risk of limb-reduction defects in exposed fetuses is 
somewhat less than one in 1,000 live births. In the past, female sex hormones have been used during pregnancy in an 
attempt to treat threatened or habitual abortion. There is considerable evidence that estrogens are ineffective for these 
indications, and there is no evidence from well-controlled studies that progestogens are effective for these uses. There is 
some evidence that triploidy and possibly other types of polyploidy are increased among abortuses from women who 
become pregnant soon after ceasing oral contraceptives. Embryos with these anomalies are virtually always aborted 
spontaneously. Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping 
oral Contraceptives is unknown. It is recommended that for any patient who has missed two consecutive periods, preg- 
nancy should be ruled out before continuing the contraceptive regimen. If the patient has not adhered to the prescribed 
Schedule, the possibility of pregnancy should be considered at the time of the first missed period (or after 45 days from the 
last menstrual period if the progestogen-only oral contraceptives are used), and further use of oral contraceptives should 
be withheld until pregnancy has been ruled out. If pregnancy is confirmed, the patient should be apprised of the potential 
risks to the fetus and the advisability of continuation of the pregnancy should be discussed in the light of these risks. It is 
also recommended that women who discontinue oral contraceptives with the intent of becoming pregnant use an alternate 
form of contraception for a period of time before attempting to conceive. Many clinicians recommend three months 
although no precise information is available on which to base this recommendation. The administration of progestogen- 
only or progestogen-estrogen combinations to induce withdrawal bleeding should not be used as a test of pregnancy. 6 
GALLBLADDER DISEASE. Studies report an increased risk of surgically confirmed gallbladder disease in users of oral 
contraceptives and estrogens. In one study, an increased risk appeared after two years of use and doubied after four or 
five years of use. In one of the other studies, an increased risk was apparent between six and twelve months of use. 7 
CARBOHYDRATE AND LIPID METABOLIC EFFECTS. A decrease in glucose tolerance has been observed in a significant 
percentage of patients on oral contraceptives. For this reason, prediabetic and diabetic patients should be carefully 
observed while receiving oral contraceptives. An increase in triglycerides and total phospholipids has been observed in 
patients receiving oral contraceptives. The clinical significance of this finding remains to be defined. 8. ELEVATED BLOOD 
PRESSURE. An increase in bleod pressure has been reported in patients receiving oral contraceptives. In some women 
hypertension may occur within a few months of beginning oral contraceptive use. In the first year of use, the prevalence of 
women with hypertension is low in users and may be no higher than that of a comparable group of nonusers. The 
prevalence in users increases, however, with longer exposure, and in the fifth year of use is two and a half to three times 
the reported prevalence in the first year. Age is also strongly correlated with the development of hypertension in oral 
contraceptive users. Women who previously have had hypertension during pregnancy may be more likely to develop 
elevation of blood pressure when given oral contraceptives. Hypertension that develops as a result of taking oral contra- 
ceptives usually returns to normal after discontinuing the drug. 9. HEADACHE. The onset or exacerbation of migraine er 
development of headache of a new pattern which is recurrent, persistent, or severe, requires discontinuation of oral 
contraceptives and evaluation of the cause. 10. BLEEDING IRREGULARITIES. Breakthrough bleeding, spotting, and amen- 
orrhea are frequent reasons for patients discontinuing oral contraceptives. In breakthrough bieeding, as in all cases of 
irregular bleeding from the vagina, nonfunctional causes should be borne in mind. in undiagnosed persistent or recurrent ` 
abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule out pregnancy or malignancy. If 
pathology has been excluded, time or a change to another formulation may solve the problem. Changing to an oral 
contraceptive with a higher estrogen content, while potentially useful in minimizing menstrual irregularity, should be done 
only if necessary since this may increase the risk of thromboembolic disease. Women with a past history of oligomen- 
orrhea or secondary amenorrhea or young women without regular cycles may have a tendency to remain anovulatory or 
to become amenorrheic after discontinuation of oral contraceptives. Women with these preexisting problems should be 
advised of this possibility and encouraged to use other contraceptive methods. Postuse anovulation, possibly prolonged, 
may also occur in women without previous irregularities. 11. ECTOPIC PREGNANCY. Ectopic as well as intrauterine preg- 
nancy may occur in contraceptive failures. 12. BREAST FEEDING. Oral contraceptives given in the postpartum period may 
interfere with lactation. There may be a decrease in the quantity and quality of the breast milk. Furthermore, a small 
fraction of the hormonal agents in oral contraceptives has been identified in the milk of mothers receiving these drugs. The 
effects, if any, on the breast-fed child have not been determined. If feasible, the use of oral contraceptives should be 
deferred until the infant has been weaned. PRECAUTIONS: General: 1. A complete medical and family history should be taken 
prior to the initiation of oral contraceptives. The pretreatment and periodic physical examinations should include special 
reference to blood pressure, breasts, abdomen and pelvic organs, including Papanicolaou smear and relevant laboratory 
tests. As a general rule, oral contraceptives should not be prescribed for longer than one year without another physical 
examination being performed. 2. Under the influence of estrogen-progestogen preparations, preexisting uterine leiomyo- 
mata may increase in size. 3. Patients with a history of psychic depression should be carefully observed and the drug 
discontinued if depression recurs to a serious degree. Patients becoming significantly depressed while taking oral con- 
traceptives should stop the medication and use an alternate method of contraception in an attempt to determine whether 
the symptom is drug-related. 4. Oral contraceptives may cause some degree of fluid retention. They should be prescribed 
with caution, and only with caretul monitoring, in patients with conditions which might be aggravated by fluid retention, 
Such as convulsive disorders, migraine syndrome, asthma, or cardiac or renal insufficiency. 5. Patients with a past history 
of jaundice during pregnancy have an increased risk of recurrence of jaundice while receiving oral contraceptive therapy. If 
jaundice develops in any patient receiving such drugs, the medication should be discontinued. 6. Steroid hormones may be 
poorly metabolized in patients with impaired liver function and should be administered with caution in such patients. 7 
Oral contraceptive users may have disturbances in normal tryptophan metabolism which may result in a relative pyri- 
doxine deficiency. The clinical significance of this is yet to be determined. 8. Serum folate levels may be depressed by oral 
contraceptive therapy. Since the pregnant woman is predisposed to the development of folate deficiency and the incidence 
of folate deficiency increases with increasing gestation, it is possible that if a woman becomes pregnant shortly after 
Stopping oral contraceptives, she may have a greater chance of developing folate deficiency and complications attributed 
to this deficiency. 9. The pathologist should be advised of oral contraceptive therapy when relevant specimens are sub- 
mitted. 10. Certain endocrine and liver function tests and blood components may be affected by estrogen-containing oral 
contraceptives: a. Increased sulfebromophthalein retention. b. increased prothrombin and factors Vil, Vill, IX, and X; 
decreased antithrombin 3; increased norepinephrine-induced platelet aggregability. c. increased thyroid-binding globulin 
(TBG) leading to increased circulating total thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column, or 
T4 by radioimmunoassay. Free T3 resin uptake is decreased, reflecting the elevated TBG, free T4 concentration is unal- 
tered. d. Decreased pregnanediol excretion. e. Reduced response to metyrapone test. INFORMATION FOR THE PATIENT: (See 
Patient Package Insert}. DRUG INTERACTIONS: Reduced efficacy and increased incidence of breakthrough bleeding have been 
associated with concomitant use of rifampin. A similar association has been suggested with barbiturates, phenylbutazone, 
phenytoin sodium, ampicillin, and tetracycline. SIS. PREGNANCY. NURSING MOTHERS: See CONTRAINDICATIONS 
and WARNINGS. ADVERSE REACTIONS: An increased risk of the following serious adverse reactions has been associated with 
the use of oral contraceptives (see WARNINGS): Thrombophiebitis. Pulmonary embolism. Coronary thrombosis. Cerebral 
thrombosis. Cerebral hemorrhage. Hypertension. Gallbladder disease. Liver tumors. Congenital anomalies. There is evi- 
dence of an association between the following conditions and the use of oral contraceptives, although additional confir- 
matory studies are needed: Mesenteric thrombosis. Neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. The 
following adverse reactions have been reported in patients receiving oral contraceptives and are believed to be drug- 
related: Nausea, usually the most common adverse reaction. Vomiting, occurs in approximately 10% or less of patients 
during the first cycle. Other reactions, as a general rule, are seen much less frequently or only occasionally. Gastrointes- 
tinal symptoms (such as abdominal cramps and bloating). Breakthrough bleeding. Spotting. Change in menstrual flow. 
Dysmenorrhea. Amenorrhea during and after treatment. Temporary infertility after discontinuance of treatment. Edema. 
Chloasma or melasma which may persist. Breast changes: tenderness, enlargement, and secretion. Change in weight 
(increase or decrease). Change in cervical erosion and cervical secretion. Possible diminution in lactation when given 
immediately postpartum. Cholestatic jaundice. Migraine. Increase in size of uterine leiomyomata. Rash (allergic). Mental 
depression. Reduced tolerance to carbohydrates. Vaginal candidiasis. Change in corneal curvature (steepening). Intoler- 
ance to contact lenses. The following adverse reactions have been reported in users of oral contraceptives, and the 
association has been neither confirmed nor refuted: Premenstrual-like syndrome. Cataracts. Changes in libido. Chorea. 
Changes in appetite. Cystitis-like syndrome. Headache. Nervousness. Dizziness. Hirsutism. Loss of scalp hair. E 
multiforme. Erythema nodosum. Hemorrhagic eruption. Vaginitis. Porphyria. Impaired renal function. ACUTE OVERDOSE: 
Serious ill effects have not been reported following acute ingestion of large doses of oral contraceptives by young children. 
Overdosage may cause nausea, and withdrawal bleeding may occur in females. 

- OR 


ORTHO PHARMACEUTICAL CORPORATION 


Raritan N1 NRAKRA Revised 6/80 


. American Journal of Obstetrics and Gynecology . 





volume 138 number 5 NOVEMBER I, 1980 pe 


CLINICAL OPINION 


This section reports opinion on the handling of clinical situations, Le., the clinical 
diagnosis and management of certain disease entities. Papers should range from 
eight to twenty typed pages, including illustrations, tables, and figures which clar- 
ify the author's management. References are limited to sixteen citations. Mail to 
Frederick P. Zuspan, M.D., Editor. 





Percentile ranks of sonar fetal abdominal 
circumference measurements 


RALPH K. TAMURA, M.D. 
RUDY E. SABBAGHA, M.D. 


Chicago, [linais 


We present the percentile ranks of sonar fetal abdominal circumference (AC) measurements from 
18 to 41 weeks’ gestation. The ACs are derived from both longitudinal and cross-sectional ultrasonic 
studies of 200 low-risk pregnant women. The reproducibility of sonar AC falls within 2% of the mean 
value; this variation permits antenatal distinction of the fetus with a small AC (less than twenty-fifth 
percentile) from one with an average (twenty-fifth to seventy-fifth percentile) or large (greater than 
eightieth percentile) reading. The fetal AC measurements add another dimension to the 
interpretation of cephalic growth, particularly in identifying macrosomic fetuses as well as those who 
are either asymmetrically or symmetrically undergrown. Additionally fetal AC measurements are 
useful as adjuncts to the diagnosis of hydrocephalus by quantitating the difference between cephalic 
and body size. In the presence of fetal ascites the AC also can be used to assess the severity and 
progression of the abnormality. (AM. J. OBSTET. GYNECOL. 138:475, 1980.) 


Ir 1S POSSIBLE to evaluate fetal growth by ultra- (BPD), chest diameter (CD), and abdominal circum- 
sonically derived measurements of biparietal diameter ference (AC).'~* ® Serial sonar BPD values, obtained at 
appropriate intervals in pregnancy, are particularly 
From the Department of Obstetrics and Gynecology, useful in defining gestational age and in assigning 
Northwestern University Medical School, Prentice fetuses a cephalic percentile growth bracket.” * 
Women's Hospital and Maternity Center. Fetal AC, however, is more useful than either BPD 


Reprint requests: Rudy E. Sabbagha, M.D., Prentice or CD for estimation of fetal weight (Table I), espe-. 
Women's Hospital and Maternity Center, 333 E. ca 









Superior, Ultrasound-Room 110, Chicago, Illinois cially when the predicted weight is =2,500 grams.” 
60611. Further, in the presence of intrauterine growth retar- 
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11 days 11 days 
1937 21 2247 


Fig. 1. A biologic variation in the length of the BPD exists in 
relation to each gestational week. Thus, a fetus with a BPD of 
5:0 cm may be either less or more mature than the mean 
gestational age by 11 days. Note: In relation to the mean gesta- 
tional age, the fetus with the large BPD is less mature and the 
fetus with the small BPD is more mature. 


dation (IUGR), the AC is likely to be small because 
growth of the liver is stunted® and the subcutaneous 
tissue in the area of the upper abdomen is diminished, 
both of which influence the abdominal girth. — 

| 8 
_ While BPD growth standards have already been re- 
ported,’ the range of AC values corresponding to each 


gestational week is unknown. In this report the per- 


centile ranks of sonar fetal ACs from the eighteenth to 
forty-first week of pregnancy are defined. Additionally 
the reproducibility and accuracy of AC measurements 


-o are assessed. 


Patients, material, and methods 


Serial ultrasonic BPD and AC fetal measurements 


= were prospectively obtained in 200 women with low- 
risk pregnancies and of different racial origins but of 


similar socioeconomic status: the data were derived be- 
tween 18 and 42 weeks’ gestation. The population was 
divided into two groups. 

-In the first group of 92 pregnant women, 40 were 
black, 29 were Caucasian, and 23 were Spanish. In all 
of these women gestational age was defined from the 
menstrual dates after the following criteria were 
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Table I. Fetal ultrasonic BPD and AC measurements 
versus fetal weight 

















No. of Imaging | Approximate range 
studies Parameter in weight (gm + 2SD) 
2 BPD B 650-750 
13 BPD and thorax B 580 = 
T Skull and thoracic B 430 
area 
P BPD and AC B Related to 
— actual weight 
212 at 1,000 gm 
424 at 2,000 gm 
636 at 3,000 gm 
848 at 4,000 gm 
16 AC B Related to 


actual weight: 
160 at 1,000 gm 
290 at 2,000 gm 
450 at 3,000 gm 
590 at 4,000 gm 





Table II. A comparison of sonar and actual fetal 
AC measurements (in centimeters) 


Sonar AC * | Actual ACt 


36.0 34.0 
36.1 34.5 
35.5 33.0 
34.6 32.5 
33.3 32.0 
31.7 30.5 
34.8 32.5 
34,9 32.0 
21.8 23.0 
20.8 21.0 
31,0 32.0 





*Sonar AC measurements were obtained on the evening of 
admission for repeat cesarean section. 


tActual AC. measurements were obtained by a centimeter 
tape from fetuses within 24 hours after delivery by repeat 
cesarean section. AC readings shown are at the xyphoid level, 
AC values obtained within 1 cm of the xyphoid were within 
2% of the xyphoid AC. 


fulfilled: (1) The last menstrual period (LMP) was re- 
ported with certainty and menstrual cycles were known 
to have been regular prior to pregnancy; (2) spontane- 
ous delivery occurred at term (+2 weeks of the men- 
strual expected date of delivery or EDD); and (3) the 
neonate was found to be at term (38 to 42 weeks of 
pregnancy) by pediatric assessment. ® 

In the second group of 108 pregnant women, gesta- 
tional age was defined after the following criteria were 
fulfilled: (1) The first fetal sonar BPD was derived in 
the midtrimester of pregnancy and correlated with a 
mean gestational age of 18 to 26 weeks. (2) A second 
fetal BPD was obtained in the interval of 31 to 33 
weeks’ gestation and a growth-adjusted sonar age 
(GASA) was used to correct the length of pregnancy in 
fetuses with large or small BPDs.? Specifically, when‘ 
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- Fig. 2. The AC is in a circle. P = Point at which measurement 
of AC is started; $ = spine; U = umbilicus: D = dots repre- 
senting 1 cm marker display. 


cephalic growth was greater than or equal to the 
seventy-fifth percentile, indicating a younger fetus 
(Fig. 1), gestational age was reduced by 1 week." Simi- 
larly, when cephalic growth was greater than or equal 
to the twenty-fifth percentile, indicating a more mature 
fetus” (Fig. 1), gestational age was advanced by 1 week, 
(3) Spontaneous delivery occurred at term in relation 
to the sonar EDD. (4) The neonate was found to be at 
term by pediatric assessment.’ 

A total of 238 BPDs and 238 ACs was obtained in the 
women with known menstrual dates and a total of 298 
BPDs and 298 ACs was obtained in the women with 
ultrasonically defined dates according to the GASA 
chart®; this chart was shown to correlate with the com- 
posite mean BPD values derived from a large popula- 
tion of pregnant women." 

The BPDs were derived by either gray-scale or real- 
time imaging. All photographs selected showed a mid- 
line echo and symmetric skull tables, each 3 to 5 mm 
wide.” BPD values were derived from outer to inner 
(0 to 1) skull tables and measured in relation to | 
cm markers displayed on each photograph. The ul- 
trasound velocity employed was 1,540 m/sec. 

Two sonar steps were followed in obtaining all AC 
readings. First, the fetal longitudinal axis was outlined. 
Second, the transducer was positioned perpendicular 
to the fetal lie in the area just below the fetal heart, 
displaying the liver and umbilical vein (Fig. 2). 

In 90 pregnant women the reproducibility of the AC 
was determined by comparing two photographs ob- 
tained independently from the upper fetal abdomen 
on. different intervals of the same occasion, The 
‘ photographs were sometimes derived by different 
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Fig. 3. Percentile ranks of fetal AC measurements in relation 
to gestational age. 


technologists. In 110 pregnant women only one photo- 
graph of the AC was obtained. Each AC photograph 
was measured five times by a digitizer and the mean 
value was used as the accepted measurement. 

In deriving the AC the digitizer pen was first passed 
over the outer perimeter of the AC (outlined by a pen, 
Fig. 2) and a digital readout was obtained. The digitizer 
pen was then passed over a defined number of markers | 
constituting the 1 cm scale displayed on the photo- — 


graph; in this way the scale was transformed into actual ~ 


centimeters and the reduction ratio of the photograph 
was determined. For example, if 10 dots on the l cm 
marker scale equaled 3 cm by the digitizer, the scale 
reduction ratio would be 3/10, and fetal AC would 
equal digital readout x 10/3. The accuracy of sonar AC 
was determined by comparing the measurement to its 
anatomic counterpart in 1] fetuses within 24 hours 
after delivery by repeat cesarean secuon (Table IJ). 
The sonar AC values for each of the two groups were 
arranged in relation to gestational age at the ume of 
each scan; the data were assumed to be normally dis- 
tributed and percentile ranks were established for each 
group. 


Results 

The reproducibility of AC measurements obtained 
on different intervals of the same occasion fell within 
2% of the mean. This range in error includes the vari- 
ance obeaineg by the digitizer. The accuracy of the AC 
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L=large A=average S=small 


Fig. 4. Nine fetal growth patterns noted by using both BPD and AC percentile ( p). 


Table III. Fetal AC measurements (in centimeters)* 













Weeks of 
gestation 
18 9.8 10.3 10.9 11.9 
19 11.1 11.6 12.3 13.3 
20 12.1 12.6 13.3 14.3 
2] 13.7 14.2 14.8 15.9 
22 14.7 15:2 15.8 16.9 
23 16.0 16.5 17.1 18.2 
24 17.2 17.7 18.3 19.4 
25 18.0 18.5 19.1 20.2 
26 18.8 19.3 19.9 21.0 
27 20.4 20.9 21.5 22.6 
28 22.0 22.5 23.1 24,2 
29 23.6 24.1 24.7 25.8 
30 24.) 24.6 25,2 26.3 
3] 24.7 25.2 25.8 26.9 
32 25.4 25.9 26.5 27.6 
33 25.7 26.2 26.8 27.9 
34 26.8 27.3 27.9 29,0) 
35 28.9 29.4 30.0 31.1 
36 30.0 30.5 31.1 32.2 
37 31.1 31.5 32.2 33.3 
38 32.4 32.9 33.5 34.6 
39 32.6 33.1 33.7 34.8 
40 32.8 33.3 33.9 35.0 
4} 33.8 34.3 34.9 36.0 





13.1 14.2 14.5 15.9 16.4 3 
14.4 15.6 15.9 17.2 17.8 10 
15.4 16.6 16.9 18.2 18.8 24 
17.0 18.1 18.4 19.8 20.3 26 
18.0 19.1 19.4 20.8 21.3 28 
19.3 20.4 20.7 22.1 22.6 30 
20.5 21.6 21.9 23.3 23.8 28 
21.3 22.4 22.7 24.1 24.6 18 
22,1 23.2 23.9 24.9 25.4 ll 
23.7 24.8 25.1 26.5 27.0 9 
25.3 26.4 26.7 28.1 28.6 2 
26.9 28.0 28.3 29.7 30.2 15 
27.4 28.5 28.8 30.2 30.7 24 
28.0 29.1 29.4 30.8 31.3 48 
28.7 29.8 30.1 31.5 32.0 51 
29.0 30,1 30.4 31.8 32.3 34 
30.1 31.2 31.5 32.9 33.4 28 
I2 33.3 33.6 35.0 35.5 18 
33.3 34.4 34.7 36.1 36.6 14 
34.4 35.5 35.8 37.2 37.7 18 
35.7 36.8 37.1 38.5 39.0 37 
35.9 37.0 37.3 38.7 39.2 34 
36.1 37.2 37.5 38.9 39.4 23 
37.1 38.2 38.5 39.9 40.4 3 





*Circumtference measurements were obtained from the outer aspect of the fetal abdomen at the area of the liver which shows 


the umbilical vein. 


measurement fell within 5.2% of the actual anatomic 
value (Table ID). 

The fetal AC percentile ranks from 18 to 41 weeks’ 
gestation were determined separately for the following 
two groups: (1) 92 pregnant patients in whom gesta- 
tional age was defined by menstrual data and (2) 108 
pregnant patients in whom gestational age was defined 
by ultrasound data. The differences in the AC mea- 
surements of the two groups were not statistically sig- 
nificant (œ = 0.05), and the data were combined into 
one chart (Table HI) and are depicted in Fig. 3. In 
addition the fetal AC percentile ranks from 18 to 41 


& 


weeks’ gestation were compared in 40 black, 29 cauca- 
sian, and 23 Spanish women, all subgroups of the 
population of pregnant women where the length of 
pregnancy was defined by menstrual dates. Again the 
differences in these ACs were not statistically sig- 
nificant (@ = 0.05). 


Comment 

In this report we defined the percentile ranks of 
sonar-derived fetal AC values from 18 to 41 weeks’ 
gestation. AC measurements were reproducible within 
a range of <2%. As such, fetuses with small ACs 
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(less than twenty-fifth percentile) could be correctly 
discriminated from those wigh average (twenty-fifth to 
seventy-fifth percentile) or large (greater than eightieth 
percentile) values (Table III). ; 

The accuracy of sonar AC values, 1.e., the:r relation- 
ship te actual ACs (measured at the fetal xyphoid level 
after birth) was less precise and fell within a range of 
5.2% (Table II). This discrepancy may be related to two 
factors. First, neonatal anatomic AC measurements 
were taken only during expiration, whereas the respi- 
ratory phase of the fetus at the time sonar AC was 
measured could not always be defined. Second, slight 
tightening or relaxation of the tape used ir obtaining 
neonatal AC resulted in a difference of 0.5 to 1.0 cm. 

It should be appreciated that the degree of accuracy 
of sonar AC is of no consequence in the assessment of 
fetal growth because sonar AC readings are reproduc- 
ible to the extent of being useful as antenatal diagnostic 
parameters. Specifically, sonar fetal AG measurements 
add another dimension to the interpretation of BPD 
growth. For example, Sabbagha® showed that when 
serial BPDs fell in an upper or average percentile rank 
the risk of IUGR was 3.5% and 10%, respectively." 
Additionally, he showed that the risk of IUGR was 
52.1% in fetuses with small BPDs (less than twenty-fifth 
percentile). By evaluating the BPD and the AC per- 
centile ranks for a given fetus, nine growth patterns 
emerge (Fig. 4); preliminary data indicate that: (1) 
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fetuses falling in growth patterns Nos. 3 and 6 (e., 
normal BPD but small AC—less than twenty-fifth per- 
centile) are at high risk for asymmetric IUGR; (2) 
fetuses falling in growth pattern No. 9 (1.e., BPD and 
AC are both small, less than twenty-fifth percentile) are 
at high risk for symmetric or near symmetric IUGR; 
and (3) macrosomic fetuses fall in growth pattern 
Now 

Finally, knowledge of the fetal AC percentile rank 
relative to fetal age is significant for two reasons. First, 
it is useful in the assessment of fetal size in pregnant 


women who for obstetric reasons have to be delivered 


either in the latter part of the second trimester or early 
in the third trimester of pregnancy. In these women 
the AZ may be helpful in defining the chances for fetal 
survival because it is a relatively close predictor of fetal 
weight (Table I), a parameter of particular impor- 
tance in the assessment of morbidity and mortality of 
low-—birth weight. neonates.'® Second, the fetal AC is 
used as an adjunct in the diagnosis of some fetal ab- 
normalities. For example, when hydrocephalus is 
suspected, the presence or absence of disproportion 
between the fetal head and body, ascertained by com- 
paring BPD and AC percentile ranks, is important not 
only in establishing the diagnosis but also in delineating 
the severity of the condition. The severity and pro- 
gression of fetal ascites also can be assessed by serial AC 
meas irements. 
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Selective maternal culturing to identify group B 


streptococcal infection 


MARYKAY PASNICK, M.D. 
PHILIP B. MEAD, M.D. 


ALISTAIR G: S. PHILIP, M.B., F.R.C.P.(E.), D.C.H. 


Burlington, Vermont 


During a 5-year period vaginal cultures were obtained from all women with an obstetric history of 
premature onset of labor or premature rupture of membranes. With these indications, 1,213 (12.7%) 
of all parturient patients were cultured and 10.2% of those cultured were colcnized with group B 
beta-hemolytic streptococc . Maternal colonization did not correlate with ABO blood group, although 
a significantly higher percentage of Rh negative women were colonized (p < 0.01}. During this 
5-year period, 10 infants had documented early-onset infection (sepsis or meningitis) with group B 
beta-hemolytic streptococc . All 10 infants had a maternal history of premature onset of labor and/or 
premature rupture of membranes. Mothers of eight infants were cultured and seven of these 
cultures were positive. Approximately one of every 20 infants designated at high risk actually 
developed early-onset disease. Selective maternal culturing effectively identifies those infants at risk 
for early-onset group B streptococcal disease. (AM. J. OBSTET. GYNECOL. 138:480, 1980.) 


IN THE PAST DECADE group B beta-hemolytic strep- 
tococci (GBS) have become the major source of serious 
early-onset neonatal infection, with a mortality rate of 
greater than 50%.! As a result, intense efforts have 
been directed toward prevention and diagnosis of this 
fulminant disease. Recent attempts have centered on 
chemoprophylaxis of maternal carriers prior to or dur- 
ing labor and antibiouc therapy of neonates at the time 
of birth. These studies have been criticized on the basis 
of their enormous cost, the widespread antibiotic us- 
age, and the lack of demonstrated efficacy. 

An alternative approach would be the identification 
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and treatment of only those infants at greatest risk of 
disease. Several studies have documented an increased 
rate of infection among infants with a history of 
obstetric complications, particularly premature onset 
of labor and prolonged rupture of membranes.” °? For 
the past 5 years, the obstetric service at this hospital has 
obtained vaginal cultures at the time of admission from 
all women with onset of labor prior to 37 weeks’ gesta- 
tion or rupture of the membranes (ROM) without the 
onset of labor. This study entailed a retrospective anal- 
ysis of these women and their infants to determine if 
this method of selective culturing would prove effective 
in identifying those infants at risk of serious infection. 


Patients and methods 


Patients studied were from the newborn and obstet- 
ric services of the Medical Center Hospital of 
Vermont in Burlington, Vermont. From October 1, 
1974, through September 30, 1979, vaginal cultures 
were obtained from all women admitted to the labor 
floor with a hisiory of onset of labor prior to 37 weeks’ 
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gestation or ROM without onset of labor. Two culture 
swabs were obtained and transported immediately to 
the laboratory. One specimen was inoculated directly 
onto a selective blood agar medium. The second swab 
was processed in Todd-Hewitt broth. After 4 hours of 
incubation at 35° C an aliquot was streaked onto a 
blood agar plate containing phenylethylalcohol. Plates 
were read twice daily at 7:00 am and 4:30 em, All col- 
onies identified as beta-hemolytic streptococcus were 
further typed according to the Lancefield classification. 

The medical records of all women cultured were re- 
viewed for duration of membrane rupture, gestational 
age, and blood type. The charts of all infants born to 
` culture-positive women also were reviewed retrospec- 
tively for evidence of GBS infection or colonization. All 
other neonates with positive cultures for group B strep- 
tococci who were hospitalized during the study period 
were also subjected to review. 


Results 


Maternal colonization. During the 5-year period Oc- 
tober 1, 1974, through September 30, 1979, vaginal 
cultures were obtained at the time of delivery from 
1,213 women with an obstetric history of premature 
labor or premature ROM. They accounted for 12.7% 
of thé 9,551 women who were delivered of live-born 
infants during this time period. One hundred twenty- 
four of the cultures were positive for group B strep- 
tococcl, representing a colonization rate of 10.2%. The 
carrier rate was determined for each 6-month -block 
during the study period and varied from 7.2% to 
13.2% but with no recognizable trend. 

There was no significant difference between ABO 
blood types of colonized and noncolonized women, in 
-contrast to a previous report by Regan anc associates" 
(Table I). Colonization rates were similar for women 
with B and other blood types and comparable rates 
were observed when B and AB blood types were con- 
sidered together (Table II). A greater proportion of Rh 
negativity was seen among colonized as compared to 
noncolonized mothers (24% versus 14.9%, respec- 
tively) and likewise a greater percentage of Rh-negative 
women were colonized when compared to Rh-positive 
women (15.7% versus 9.3%). 

Maternal age did not appear to be a factor associated 
with streptococcal carriage. The average age of col- 
onized women was 25.6 years as compared to 25.3 
years for noncolonized parturients. 

Infant colonization. One hundred twenty-five in- 
fants were delivered to the 124 women with positive 
vaginal cultures for GBS. Eighty-two (66%) were 
asymptomatic during their hospital stay and were not 
cultured. One or more cultures were obtained from the 
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Table I. Group B streptococcal colonization 
rates according to maternal blood type 






GBS negative GBS positive 


O+ 432 39.9 48 38.4 
O- 82 7.6 14 11.2 
A+ 373 34.4 36 28.8 
A- 62 5.7 11 8.8 
B+ 87 8.0 9 7:2 
B- 10 1.0 5 4.0 
AB+ 3] 28 2 1.6 
AB- 7 0.6 0 . 

Rh+ 923 85.1 95 76.0 
Rh- 161 14.9 30 24.0 


Table II. Relationship of group B streptococcal 
carrier rates to maternal blood groups 


GBS carrier 
Blood group rates (%) P value* 


E + AB 10.6 NS} 
O+A 11.5 

E 12.6 
O+A+AB 10.1 NS 
kh+ 9.3 
aad Pe <0.01 


*Chi-square test. 
TNot significant. 


remzining 43 infants. Nineteen of them (44%) had 
positive cultures at one or more sites. Superficial skin 
cultures were obtained from 12 infants, and eight were 
positive. Seven of 36 blood cultures (20%) were posi- 
tive, and one of 25 cerebrospinal fluid cultures was 
positive. There were no positive urine cultures ob- 
tained from [3 specimens. There were four other pos- 
itive cultures (throat 1, eye 1, and gastric aspirate 2). 

Seven infants born to mothers who were cultured 
had evidence of systemic infection; six of these had 
positive blood cultures, and one had cerebrospinal 
AHuic and blood cultures tnat were both positive for 
GBS. 

Neonatal infection. During the 5-year study period, 
31 infants admitted to the newborn service of MCHV 
had positive cultures for GBS within the first 5 days 
afte: delivery. The outcomes of these infants can be 
seer in Fig. `l. Eight infants were born at home or in 
outlying hospitals. Mothers of these infants were, 
therefore, not included in the study protocol. One in- 
fant had a positive blood culture at 4 days of age but a 
maternal vaginal culture was negative at the time of 
delivery. Neonatal blocd cultures at 24 hours of age 
were also negative. Three infants were born to mothers 
whe were not cultured at delivery. Two of these infants 
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Fig. 1. Outcomes of neonates with positive cultures for group B streptococci. 


t 


were born prematurely and both had evidence of inva- 
sive disease. One mother had a precipitate delivery 
immediately following admission and before cultures 
could be obtained. The second mother was not cul- 
tured for unknown reasons. The third infant, born at 
term without premature ROM, had a positive skin cul- 
ture but no evidence of invasive disease. | 

A total of 10 infants born in the hospital had docu- 
mented invasive disease (sepsis or meningitis) during 
the study period, representing a rate of 10/9,551 or 
1.04/1,000 live-born infants. Five of these infants died. 
All 10 infants were born to mothers who satisfied the 
criteria for obtaining vaginal cultures prior to delivery. 

The average length of time between obtaining cul- 
tures and delivery was 10.3 hours for all positive cul- 
tures and 14.8 hours for those infants with invasive 
disease. Fifty-six percent of cultures were obtained 
more than 8 hours prior to delivery, and 95% were 
obtained more than 4 hours prior to delivery. 

Duration of ROM correlated with the presence of 
invasive disease. In the 10 neonates born in the hospital 
with clinical GBS infection, 40% were associated with 
ROM greater than 24 hours, and only-one was associ- 
ated with ROM less than 12 hours. In those infants with 
positive maternal cultures but without invasive disease, 
17% were associated with ROM greater than 24 hours 
while 40% were associated with ROM less than 12 
hours.: 


Comment 
The group B streptococcal organisms in early-onset 
disease are acquired from the maternal genital tract in 


„utero or during passage through the birth canal. Re- 


cent studies have documented maternal colonization 
rates of 4% to 29% during the third trimester.* Despite 
this high carriage rate, the incidence of neonatal infec- 
tion is relatively low, at 1.3 to 5.4/1,000 live births or 
approximately one of every 100 infants born to col- 
onized mothers. *.5 — l 

Epidemiology. The epidemiologic data obtained in 
this study generally concur with the findings o? others. 
The maternal carrier rate of 10.3% is within the range 
observed in other studies. Although the women cul- 
tured cannot be considered representative of the popu- 
lation as a whole, the majority of studies have shown no 
correlation between vaginal colonization rates and the 
presence of obstetric complications.' Therefore, it-is 
reasonable to assume that a carrier rate of 10.3% iS 
characteristic of this hospital population. The disease 
attack rate of 1.04 per 1,000 live births is similar to that 
in earlier reports, whereas the ratio of colonized moth- 
ers to infected babies of 124:7 (or less than 20:1) is 
considerably lower than previously reported.! 

Prevention. Because of the rapid and frequently 
fatal course of early-onset GBS infections, emphasis 
has been placed on prevention and early diagnosis. 
Several recent studies have attempted to decreasé the 
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incidence of early-onset disease by eradicating mater- 
nal colonization during pregnancy with prophylactic 
antibiotic therapy.” °° Thfee major criticisms have 
been leveled against this approach. 

1. Because of the marked discrepancy between ma- 
ternal colonization rates and the attack rate of neonatal 
disease, approximately 100 women would receive an- 
tibiotic prophylaxis to prevent one case of neonatal 
infection. This not only entails an enormous cost but 
exposes a large number of women to the risks of 
antibiotic therapy as well. 

?. No randomized, controlled evidence exists that 
such management would reduce the incidence of 
neonatal disease. Several studies have questioned the 
efficacy of antibiotic therapy in eradicating coloniza- 
tion; two recent studies demonstrated the failure of 
oral penicillin to reduce maternal colonization at the 
time of delivery.” ° 

3. The estimated cost of culturing all women in the 
third trimester and treating up to 25% with a full 
course of antibiotic therapy would be enormous. (In 
this hospital, the cost ‘of obtaining vaginal cultures on 
all women prior to delivery would be $31,040 per year. 
By the selective culturing technique used in this study, 
the cost would be reduced by 87%, to $4,035 per year.) 

Other studies have recommended antibiotic pro- 
phylaxis of all infants at the time of delivery.® 1 
However, this would entail exposing large numbers of 
noninfected infants to unnecessary antibiotics. In ad- 
dition, at least one study has documented the failure of 
single-dose penicillin to eradicate coionization in the 
newborn infant." 

Identification. An alternative approach to these prob- 
lems would be the identification of risk factors for 
early-onset disease and treatment of cnly those infants 
at high risk. An increased incidence of maternal 
obstetric complications, particularly premature onset 
of labor or prolonged ROM, has been observed to be a 
risk. factor for development of early-onset infection. 
Baker and Barrett,? in 1973, documented an 80% inci- 
dence of low birth weight (<2,500 grams) and a 62% 
incidence of ruptured membranes greater than 24 
hours in 13 infected newborn infants. These findings 
were the basis of our prenatal screening program to 
identify those infants at greatest risk cf disease. During 
the 5-year study period, 10 infants born in the hospital 
had early-onset GBS sepsis diagnosed. Data on these 
infants are similar to those observed by Baker and Bar- 
rett, with a 70% incidence of birth weight less than 
2,500 grams and a 40% incidence of ROM greater than 
24 hours. All infants born in the hospital with GBS 
sepsis were delivered of women who åt the criteria for 
inclusion in this study, i.e., onset of labor at less than 37 
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weeks’ gestation or rupture of the membranes without 
onset of labor. | 

A maternal risk factor was proposed by Regan and 
associates,’ in 1978, when they documented an in- 
creased incidence of blood type B among colonized 
women. They hypothesized that GBS organisms pos- 
sess a B-like antigen and that individuals who lack 
anti-B antibody are at increased risk of colonization. In 
our study of 1,213 parturients, we failed to demon- 
strate a significant difference in blood type among 
those women colonized or not colonized with GBS. 
However, a discrepancy was observed in our data con- 
cerning Rh negativity. Twenty-four percent of col- 
onized mothers were Rh negative as opposed to 14.9% 
of ncncolonized women, and, similarly, a greater per- 
centage of Rh-negative women were colonized when 
compared to Rh-positive women (15.7% versus 9.3%). 
The distribution frequency of neonatal blood type was 
not evaluated because of the small number of infants 
involved. Further studies are needed to confirm and 
elaberate on these findings. 

The average length of time from obtaining cultures 
to delivery was 14.8 hours for mothers of infected in- 
fants. At the time of this study, positive cultures were 
rarely identified in less than 24 hours, However, by 
means of a selective Todd-Hewitt medium in conjunc- 
tion with coagglutination techniques, reports of posi- 
tive cultures can be returned to the physician within 8 
hours of inoculation.” Results of maternal cultures 
could, therefore, be available for 95% of infants within 
4 hours of birth. 

' This method of selective maternal culturing iden- 
tified seven of eight infants born in the hospital who 
subssquently developed early-onset infection. Two in- 
fants whose mothers were not cultured also had GBS 
disease; however, these cases must be considered as 
potentially avoidable rather than inherent methodolog- 
ic failures. During this 5-year period, only one infant 
who developed GBS disease was born to a mother with 
a nezative streptococcus screening test at delivery. This 
infant had an initially negative blood culture at 24 
hours of age but developed GBS sepsis on the fourth 
day of life. It is possible that this infection resulted 
from acquisition of bacteria following delivery. GBS 
nosocomial colonization of infants born to non- 
colonized mothers has been documented in several 
nurseries.** 15 | 

Another infant with a positive GBS culture was de- 
livered during the study period of a mother who was 


not included in this selected population. This infant 


was colonized but not infected with the GBS organism. 
Blood, urine, and cerebrospinal fluid cultures were 
negative. Since only those mother-infant pairs with a 


e 
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history of obstetric complications were included in this 
study, it is probable that the majority of colonized in- 
fants were not identified. However, as noted previ- 
ously, all infected infants born in the hospital had a 
maternal history of such obstetric complications, 


Conclusions 


l. This protocol identifed seven of eight infants 
born in the hospital who developed early-onset GBS 
disease during the 5-year study period. By means of 
new culture techniques, the majority of high-risk in- 
fants can be identified at birth or shortly thereafter. 
This method of selective maternal culturing is an ef- 
fective means of identifying infants at high risk for 
early-onset GBS disease. 

2. With the use of the selective indications of prema- 
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in a significant cost reducfion over penny recom- 
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of an increased incidence of blood type B among col- 
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Rh-negative women were colonized when compared 
with Rh-positive women. 
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Stimulus summation and tachyphylaxis in estrogen 


response in*sheep 


W. H. CLEWELL 
S. STYS 
G. MESCHIA 


Denver, Colorado 


The response of the uterine circulation to estrogen has.been extensively studied. Estrogen is the 
most potent vasodilator of the uterine bed. The magnitude of the vascular response depends on 
both the dose of estrogen used and the duration of exposure to estrogen. In this study, the 
relationship between the arterial concentration of estrogen, the duration and pattern of exposure, 
and the response was studied. This is a complex relationship, bul one that is consistent with 
accepted models of estrogen-target tissue interaction. It was alse shown that prolonged, 
high-concentration exposure results in tachyphylaxis. (AM. J. OBSTET. GYNECOL. 138:485, 1980.) 


IN EACH AREA of physiology, studies cf stimulus- 
response relationships have followed unicue lines of 
‘development by investigation in grea: detail of those 
aspects which are more readily controlled and mea- 
sured. In neurophysiology, the characteristics of excit- 
able membranes have been thoroughly enalyzed by 
means of electric stimuli and responses. However, the 
underlying biochemical mechanisms remain obscure. 
The understanding of stimulus-response relationships 
in the endocrinologic activities of steroids has devel- 
oped in a different way. The measured reponse has 
usually been an anatomic change or biochemical effect 
measured at relatively few time points after application 
of stimulus. Although this limits studies of response 
kinetics, the more serious methodologic limitation has 
been quantitation and control of the stimulus. 

Most studies have involved systemic hormonal doses. 
This type of stimulation has uncertain characteristics 
because its time course depends upon absorption rates, 
distribution kinetics, and metabolism. For these rea- 
sons, physiologic studies of stimulus response in the 
endocrinologic activities of steroids have been relatively 
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crude. In contrast, the biochemical response to steroid 
hormones has been much more amenable to study and 
has revealed an intricate mechanism. Specificity is con- 
ferred on hormonal response by the presence of sol- 
uble zeceptors in the cytoplasm of target cells.’ Combi- 
nation of the steroid with its receptor molecule is 
followed by translocation of the receptor-hormone 
complex to the nucleus, where the complex interacts 
with nuclear chromatin. This interaction initiates the 
transcription of ribosomal and messenger ribonucleic 
acid.* New protein is then synthesized within the re- 
sponding cell, and leads to new cell products or cell 
growth and division, This sequence of events has been 
most thoroughly studied in the chick oviduct.? This 
knowledge suggests that the stimulus-response kinetics 
of steroid hormones would be complex and physiologi- 
cally significant. For the reasons stated above, however, 
physiologic kinetic studies would be difficult in the sys- 
tems most used for the investigation of steroid action. 

The induction of uterine vasodilatation by estrogens 
in castrated sheep is more amenable to kinetic studies 
than other examples of steroid stimulation. Although 
this response has not been so thoroughly studied bio- 
chemically as the response of the chick oviduct, indirect 
data suggest that a similar sequence of events is in- 
volved.* The response, uterine vasodilatation, can be 
measured continuously by blood flow transducers 
placed around the uterine arteries. The stimulus, es- 
trogen,.can be administered by intra-arterial injection 
in precisely conirolled amounts over a specified period 
of time. Thus, the intensity and duration of stimulation 
can be determined and varied as desired. Furthermore, 
since the circulations of the two uterine horns of the 
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Fig. 1. Blood flow response to the intra-arterial injection of] ug of 17ß-estradiol (E+) over 1 minute. 
The response is expressed as percent of mean maximal change in flow after | wg of E; injected over 1 


minute (standard flow). 


sheep are functionally independent, each animal serves 
simultaneously as experiment and control.’ 

In this study, the stimulus-response relationship in 
estrogen-induced uterine vasodilatation was investi- 
gated. As expected, the relationship was complex and 
had features of physiclogic interest. 


Material and methods 


Eight mixed-breed nonpregnant ewes were studied. 
The techniques for measurement of uterine artery 
blood flow used in this study were described previ- 
ously.® After bilateral oophorectomy, an electromag- 
netic flow transducer was placed around each main 
artery proximal to its first branch within the broad lig- 
ament of the uterus. A polyvinyl catheter (internal di- 
ameter, 0.38 mm; outer diameter, 1.09 mm) was in- 
serted into a branch of each uterine artery and secured 
by a ligature and tissue cement (Eastman 910 adhesive, 
Eastman Chemical Products, Inc., Kingsport, Tennes- 
see). Flow transducer leads and uterine arterial cathe- 
ters were brought through the fascia and a subcutane- 
ous tunnel to a pouch on the animal's flank. A third 
polyvinyl catheter was threaded into the inferior vena 
cava via the left femoral vein, secured, and brought to 
the flank pouch by a subcutaneous tunnel.° 

A concentrated stock solution of 17f-estradiol (100 
ug/ml) (Sigma Chemical Company, St. Louis, Missouri) 
was prepared by dissolving the estrogen in the solvent 


(40% propylene glycol, 10% ethanol, 50% physiologic 

saline solution) on a water bath at 85° C. A dilute solu- 

tion of 17B-estradiol (10 ug/ml) was prepared by dilut- 

ing the stock solution with physiologic saline solution 

and heparin (100 units/ml). The solvent of the dilute. 
solution (4% propylene glycol, 1% ethanol, 95% phys- 

iologic saline solution with heparin) caused no vascular 

response in the uterine artery. 

In order to expose the uterine vasculature to precise 
quantities of estrogen during a defined time interval 
the intra-arterial infusions were made by displacement. 
Known volumes of estrogen solution were injected into 
the catheter by a syringe pump (Sage Instruments 
Model 355 variable speed syringe pump, Orion Re- 
search Inc., Cambridge, Massachusetts) displacing an 
equivalent quantity of estrogen into the uterine artery. 
The polyvinyl catheters were “seasoned” with estrogen 
solution during the first 5 postoperative days. They 
were filled with solution each day and allowed to equil- 
ibrate in order to prevent loss of estrogen to the cathe- 
ter by absorption during the experimental period. The 
small diameter of the catheter assured minimal in- 
traluminal dilution and mixing at the catheter tip. The 
venous catheter was flushed with heparinized saline so- 
lution daily and after all injections of 17f-estradiol in 
order to maintain patency. 

Test doses of 17f8-estradiol were infused into each 
uterine artery beginning on the sixth postoperative 
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Fig. 2. Comparison of the responses, in a single animal, to 
intra-arterial injection of ] wg of E, in three different ways. 
Flow is expressed as percentage of standard flow. 


day. Three modes of administration of estrogen were 
used: (1) single injections of estrogen with the total 
dose given over 1 minute, (2) divided doses with five 
|-minute infusions at 5-minute Intervals, and (3) con- 
tinuous infusion with the total dose given over 25 
minutes. Six different total doses were used (0.05, 0.16, 
0.20, 0.40; 0.80, and 1.0 wg). These six doses combined 
with three different modes of administration resulted 
in 18 different dose-mode combinations. Each animal 
was exposed to all 18 doses in a randomized order. 

Preliminary experiments demonstrated that the uter- 
ine blood flow response on a given day depended, to 
some extent, on the estrogen dosage given on the pre- 
vious day. Consequently, a maximally stimulating, sys- 
temic dose of 178-estradiol (50 ug) was given intrave- 
nously daily between 1600 and 1700 hours in order to 
minimize the variability of responsiveness to the test 
doses of estrogen. 

The dose-response curves for the various modes of 
stimulation with estrogen were compared by means of 
a two-way analysis of variance. Five animals were used 
in the comparison of dose-response curves. Since flow 
data were not available for both uterine arteries at all 
dose-mode combinations, the responses of right and 
left sides were meaned in all animais. Thus, for each 
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Fig. 3. Comparison of the response, in a single animal, to the 
intra-arterial injection of 0.2 ug of E; in three different ways. 
Flow is expressed as percentage of standard flow. 


dose there were three modes of administration given to 
five animals. 

The effects of long-term infusions of 178-estradiol 
were studied by infusion of the estrogen into one uter- 
ine ertery and of the solvent into the other for 48 to 72 
hours. Infusion rates of 2, 4, and 8 wg/hr were used. At 
rates above 8 ug/hr, vasodilatation was noticed in the 
contralateral horn. Vascular responsiveness to 17g- 
estradiol during long-term infusions was tested with 
intermittent intravenous injections of 178-estradiol in 
maximally stimulating doses (50 wg). Uterine horns 
mace nonresponsive to 176-estradiol were challenged 
witk bradykinin (bradykinin triacetate, Sigma Chemical 
Company, St. Louis, Missourt) and adenosine (J. T. 
Baker Chemical Co., Phillipsburg, New Jersey). Aden- 
osine solution was prepared by dissolving adenosine in 
saline solution (64 ug/ml, 0.24 mM/L). Bradykinin so- 
lution was prepared immediately prior to use from 
fresh crystals of bradykinin (1.24 ug/ml, 1 wmole/L) 
dissolved in sterile saline solution. Infusions were made 


by syringe pump via the uterine artery catheters. 


Results 


Uterine blood flow, as a function of the time after a 
single 1-minute infusion of 178-estradiol into the uter- 
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Fig. 4. Dose response curves for intra-arterial E, injected in three different ways. Flow is expressed as 
percentage of standard flow. The curves are significantly different (P < 0.05) at the 0.1, 0.2, and 0.4 
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Fig. 5. Response of uterine circulation to continued infusion of estrogen. E; is infused at 4 zg/hr for 
54 hours into, the left uterine artery. Responsiveness of uterine vasculature is tested, at time indi- 


cated, by intravenous injection of Ez, 50 ug. 


ine artery, is shown in Fig. 1. For the first 30 minutes 
after infusion, there was no change in uterine blood 
flow. Then there was a vasodilatation which was maxi- 
mal at approximately 2 hours. Over the next 6 hours 


the flow returned to baseline. By confining all varia- . 


tions in the mode of administration to the first 30 
minutes, the effect of increasing blood flow on arterial 
concentration was avoided. The uterine blood flow re- 
sponses to a total dose of 1 wg given as a single 
l-minute infusion, five l-minute infusions at 5-minute 
intervals, and a 25-minute infusion are shown in F ig. 2. 
There were no significant differences in the magnitude 
or the time course of the response between the three 
modes of administration for this dose. 

Fig. 3 shows uterine blood flow as a function of the 
time after a total dose of 0.20 wg of 17B-estradiol for 
the three modes of administration. For the bolus infu- 


+ 


sion, the peak flow response to 0.20 wg of 178-estradiol 
was approximately 80%. of the response obtained from 
1 ug. The peak flow response to 0.20 ug, given in di- 
vided doses or as a 25-minute infusion, was only 10% to 
20% of the maximal response to a bolus. 

Dose-response curves for the three modes of admin- 
istration of estrogen are illustrated in Fig. 4. Blood flow 
response was expressed as a percentage of the response 
to 1 ug of 178-estradiol injected into the uterine artery 
over 1 minute (standard flow). The curves were sig- 
nificantly different at the 0.1-, 0.2-, and 0.4-ug dose 
points (P < 0.05). There were no significant differ- 
ences in blood flow responses between the three modes 
of administration at the other dosages tested. 

Uterine blood flow versus time during a continuous 
infusion of 178-estradiol (4 wg/hr) into one uterine ar- 
tery and of solvent into the contralateral artery is 
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Fig. 6. Time-course of concentration of cytosol estrogen-receptor complex (8) as postulated by the 
mathematical model. The three modes of injection of the same dose generate different concentration 


patterns. 


shown in Fig. 5. After an initial maximal vasodilatation 
on the side which received the estrogen solution, the 
blood flow decreased gradually toward baseline. A sec- 
ond smaller peak of flow then occurrec, approximately 
8 hours after initiation of the infusion, followed by a 
gradual return to baseline. The responses of blood flow 
to infusions of 2 and 8 yg/hr of 17B-estradiol were 
similar. At infusion rates greater than 8 yzg/hr, vaso- 
dilatation was noticed in the contralateral horn. 

The responsiveness of the uterine vasculature to a 
maximally stimulating bolus dosage of 178-estradiol 
(50 wg) administered systemically was tested periodi- 
cally during the continuous infusions after flows had 
returned to baseline (Fig. 5). Uterine horns which re- 
ceived the infusion of solvent showed the characteristic 
maximal vasodilatation after the systemic injections of 
17f-estradiol. However, the uterine horns infused with 
2 wg of 17B-estradiol showed a blunted response to 
systemic injections of 178-estradiol, whereas those in- 
fused with 4 or 8 yxg/hr of 178-estradiol: were unre- 
sponsive to the systemic dose after 48 hours of infu- 
sion. The responsiveness of the uterine vasculature to 
large systemic dosages of 17f-estradiol decreased 
gradually during the infusion. The response returned 
toward normal within 24 hours after the intra-arterial 
infusion of 176-estradiol was stopped (Fig. 5). 

During the period of vascular refractoriness to 17f- 
estradiol, the estrogen-infused and solvent-infused 
horns showed equal magnitudes of vasodilatation to 
intra-arterial infusions of adenosine and bradykinin. 


Comment 


The increase in uterine blood flow after the intra- 
arterial injection of a bolus of estrogen is a reproducible 


phenomencn whose characteristics have been defined 


© previusly.° The flow begins to increase approximately 
. 25 minutes after the injection, reaches its maximum at 


circa 100 minutes, and then decreases slowly toward 
baseline level over several hours (see Fig. 1). 

In order to analyze the stimulus that produces this 
response, consider first the hypothesis that the only 
relevant aspect of the stimulus is the concentration of 
estrogen in the blood, and that the exposure time to a 
given concentration is of no consequence. According to 
this hypothesis, a dose of 0.8 wg infused over a period 
of 25 minutes should have no more effect than a dose 
of 0.C32 ug injected over 1 minute. The inadequacy of ° 
this hypothesis is clearly shown in Fig. 4. It can be seen 
that in the 1-minute bolus injection modality, 0.032 ug 
causes virtually no response, whereas exposure of the 
orgar. to a constant infusion of 0.032 ug per minute 
over a period of 25 minutes (0.8 ug total) causes a 
maximal response. Thus, the response depends upon 
the duration of the stimulus. This conclusion leads to 
testing an alternative hypothesis, namely, that the rele- 
vant stimulus is the concentration X time product. In 
this case, we would expect equal response for equal 
total dose, irrespective-of the time period over which 
the dose is administered. The uterine blood flow re- 
sponse to estrogen does not fit this simple model be- 
cause at submaximal doses the rapid stimulation by 
bolus injection is much more effective than the infusion 
or divided-dose modality (see Fig. 4). 

A variety of hypotheses could be invoked to explain 
this complex stimulus-response relationship. In ‘the 
case Gf steroids, the best established and most thor- 
oughly studied model for hormone action is that pro- 
posed by Williams and Gorski. In this model, estrogen 
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Fig. 7. Time-course of accumulation of estrogen in uterine 
nuclei with each mode of injection of the same dose. Data 
derived from the mathematical model. 


interacts with the target tissue in two steps: (1) binding 
to cytoplasmic receptor proteins; (2) translocation of 
this complex into the nucleus, where the estrogen is 
bound to the chromatin. | 

The data on estrogen-induced uterine vasodilatation 
are compatible with this model. The .20- to 30-minute 
lag between the stimulus and the beginning of the re- 
sponse is adequate to allow the synthesis of new pep- 
tide. The response is completely blocked by cyclohex- 
imide, an inhibitor of protein synthesis. Although the 
increase in blood flow after estrogen stimulation could 
not be inhibited by actinomycin Df, ribonucleic acid 
synthesis could not be completely inhibited, so that the 
dependence of the response on a transcriptional step 
has-not been ruled out. Other models that involve the 
release of histamine, catecholamines, acetylcholine, or 
prostaglandins do not seem to be so fruitful at the 
present time because potent antagonists of these agents 
have failed to block the response.® 7 Thus, we have 
chosen to make a tentative explanation of our data in 
terms of the Williams and Gorski model. Some aspects 
of this explanation are amenable to further testing. 

If the binding of estrogen to cytoplasmic receptors is 
more rapid than the translocation into the nucleus, 
then ‘the cytoplasmic receptors function as temporary 
sites for estrogen storage. We postulate that at submax- 
imal physiologic doses the receptors are unsaturated 
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and, therefore, store the hormone ina quantity which 
is proportional to the concentration of free estrogen in 
the cytoplasm at the end ofthe infusion. Larger storage 
at higher concentrations of estrogen in the blood ex- 
plains the advantage of rapid stimulation by bolus in- 
jection. The ability of the organ to act as a time inte- 
grator of a low concentration of estrogen is explained 
chiefly by the fact that the nucleus removes the 
estrogen-receptor complex from the cytoplasm. Thus, 
a steady concentration of estrogen in plasma results in 
a steady flux of estrogen from cytoplasm to nucleus. 
The quantitative aspects of these concepts are pre- 
sented in the Appendix. A mathematical model was 
constructed on the basis of the assumption that equiva- 
lent physiologic responses are evoked by equivalent 
amounts of estrogen accumulated in the nucleus. Ac- 
cording to the model, the three modalities of stimula- 
tion described in this report produce distinctly differ- 
ent time-courses of estrogen-receptor complex in the 
cytoplasm (Fig. 6), and, consequently, different pat- 
terns of nuclear accumulation (Fig. 7). The quantity of 
estrogen entering the Nucleus (Qy)to. during and after 
an infusion lasting t minutes is given by the equation: 


(Qn)tot = Cept + 3(1 + e7®-31)] (1) 


where C is a coefficient and €, is the concentration of 
free estrogen in plasma. The number 3 represents the 
difference, in minutes, between the time constant for 
the removal of the estrogen-receptor complex from the 
cytoplasm (6 minutes) and the time constant for attain- 
ing a steady state relationship of estrogen concentra- 
tions between blood and cytoplasm (3 minutes). The 
time-courses of bound estrogen in cytoplasm and nu- 
cleus which are predicted by the model are in qualita- 
tive agreement with the experimental data of Williams 
and Gorski® on uterine estrogen-receptor kinetics. 


` Those authors have shown that the exposure of rat 


uteri in vitro to` a constant concentration of estrogen 
produces after a few minutes a steady concentration of 
bound estrogen in the cytoplasm and a linear increase 
in bound estrogen in the nucleus. 

According to Equation 1, a prolonged exposure of 
the target organ to a steady concentration of estrogen 
in the blood would result in a continuous entry of es- 
trogen into the nucleus, the rate of which depends on 
the magnitude of the C coefficient. In order to discuss 
what physiologic effects may result from such pro- 
longed exposure, we must consider the relationship of 
Q, to the physiologic effect and the fact that the mag- 
nitude of the C coefficient depends upon the concen- 
tration of cytoplasmic estrogen receptors (see Appen- 
dix, Equation 14A). The uterine blood flow response to 
estrogen has a relatively short life. Hence, the produc- 
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tion of a measurable flow response requires, presum- 
ably, that thé rate of entry ¢ of estrogen into the target 
cell exceed some minimum rate. Therefore, i in addition 
to a minimum ep X t product for the response, there is 
probably a threshhold value of e, below which no effect 
ensues even for large values of the ep X t product. A 
consideration of the effect of exposing the organ to 
large concentrations of estrogen for a prolonged pe- 
riod of time must recognize the fact that the process by 
which estrogen receptors are replenished is relatively 
slow, so that large doses of estrogen can deprive the 
uterus of receptors.? Therefore, the continuous infu- 
sion of estrogen may lead to virtual absence of recep- 
tors in the cytoplasm and may explain the tachyphy- 
laxis which we describe in this report (see Fig. 5). 
Likewise, the slow return toward a normal response 
after cessation of a prolonged infusion of estrogen may 
represent a replenishment of estrogen receptors. 

Knowledge that the modality of estrogen stimulation 
has a profound effect on the physiologic response is of 
interest because a great variety of plasma estrogen con- 
centration patterns has been described in association 
with distinctly different physiologic states. These pat- 
terns may be an essential component of the signal to 
the target organ, which “interprets” each pattern dif- 
ferently in accordance with the kinetic properties of its 
receptors, | 

The uterine vasodilatation response to estrogen is a 
system in which both the stimulus (intra-arterial estro- 
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gen) and the response (vasodilatation and increased 
blood flow) can be precisely controlled and measured. 
We have shown that the magnitude of the response 
depends on the arterial concentration of estrogen and 
durztion and pattern of exposure to estrogen. We de- 
veloped a mathematical model that explains this com- 
plex stimulus-response relationship in terms of current 
biochemical concepts of the action of estrogen. The 
model suggests that, by variations in the. quantity of 
cytosol receptor, its rate of synthesis, and rate constant 
for -he entry of estrogen-receptor complex into the 
nucleus, the responding organ can be made to be par- 
ticularly sensitive to very brief pulses of estrogen, or 
lower concentration but prolonged estrogen stimula- 
tion. Thus, estrogen-sensitive tissues may be able to 
differentiate Letween varying patterns of estrogen 
stimulation with qualitatively as well as quantitatively 
different responses. 

Physiologic effects of different patterns of hormonal 
stimalation have been described for gonadotropin- 
relezsing hermones, luteinizing hormone, catechol- 
amines, and insulin.’® In these types of hormonal 
stimulation, the phenomenon of “down regulation” has 
beer. attributed to a decline in the number of hormone 
recentors on the surface of responding cells. Intermit- 
tent 2xposure results in dramatic responses. Continuous 
exposure results in refractoriness. This is very similar 
to our observations, which represent the first demon- 
straton of such an effect with steroid hormones. . 
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Appendix 

List of symbols. 

Dose = quantity of estrogen infused into the artery 
| (ug). 


7. Clark, K. E., Van Orden: D. E., Meldrum, D. R., Brody, M. 
J; and Brinkman, C: RII: Effect of the prostaglandin 
s7nthetase inhibitor meclofenamate on estrogen-induced 
increases in uterine blood flow in sheep, Gynecol. Obstet. 
Invest. 7:25, 1976. (Abst.) 

8. Williams, D., and Gorski, J.: Kinetic and equilibrium 
analysis of estradiol in uterus: A model of binding-site 
distribution in uterine cells, Proc. Natl. Acad. Sci. U.S.A. 
63:3464, 1972. 

9. Clark, J. H., Paszko, Z., and Peck, E. J., Jr.: Nuclear bind- 
ing and retention of the receptor estrogen complex: Re- 
letion to the agonistic and antagonistic properties of es- 
triol, Endccrinology 100:91, 1977. 

10. Belchetz, P. E., Plant, T. M., Nakai, Y., Keogh, E. J., and 
Knobil, E.: Hypophysial responses to continuous: and | 
intermittent delivery of hypothalamic gonagetepin: 
releasing hormone, Science 202:631, ee 


F = baseline arterial flow before the response 
(ml - min7?), 
K, = association constant between e and R 
(ml: ugt). | 
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K, = diffusion constant (ml > min™’). 
K, = diffusion constant of B into the nucleus 
(ml - min~'). l 
K, = rate constant for the removal of bound es- 
trogen from cytoplasm (ml - min™’). 
Qee = = rate of entry of estrogen into cell (ug - min” n), 
Ox = rate of entry of estrogen into nucleus 
(ug ` min™'). 
Qx = quantity of estrogen present in the nucleus 
at a given time (pg). 
(Qn) tot = total quantity of estrogen entering the nu- 
cleus (ug). 
R = concentration of estrogen receptors in oe 
plasm (wg: min“). 
t = time during the infusion (min). 
t = time after the infusion (min). 
tint = time at which the infusion is stopped (min}. 
to = - beginning of infusion (min). 
V = volume of cytoplasm (ml). 
ß = concentration of bound estrogen in cyto- 
plasm (wg + ml’). 
Bı = concentration of bound estrogen in cyto- 
plasm at time t. 
€p = concentration of free estrogen in arterial 
plasma (wg: ml7’). 
€ = concentration of free estrogen in cyto- 
plasm (wg > m7’). 
$ = fraction of blood estrogen which is free. 


During the infusion of estrogen into the uterine 
artery, the rate of entry of estrogen into the target cell 
is proportional to the concentration difference of free 
estrogen between arterial plasma and cytoplasm: 


Qcen = Ki (€p 7. €). lA. 


Neglecting nonspecific binding, this rate of entry is the 
sum of the accumulation rates of free and receptor- 
bound estrogen in cytoplasm and nucleus: ` 


E (ede 


We assume that, in the dose range that causes submax- 
imal flow responses, the formation of the cytoplasmic 
estrogen-receptor complex £ utilizes only a small frac- 
tion of the available receptors, and that the equilibrium 
between e and £ is established rapidly. Thus, as a first 
approximation: 


a RO RE | 3A. 
A 


Furthermore, we assume that the rate of entrance of 

estrogen into the nucleus is proportion to £: 
On = K}. 4A. 

Combination and rearrangements of Equations 1, 2, 3, 


and 4A provide the following relationship: 


d ž 
SE = ae, — b8 5A. 
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where 
7 KaR 
a= V(1 + KaR) 6A. 
and 
_ Ky + KARK: 
D= V+ KR) TA, 


During the intra-arterial infusion, €p is constant. 


Therefore, integrating Equation 5A: 

ana -bt 

By = t; 8A. 

At the moment the infusion is terminated, 8 begins to 
decrease exponentially because of transport into the nu- 
cleus and dissociation into free receptor and estrogen: 

—V=" = K£. 9A. 
Since at the end of the infusion 


B =Ë ep (1 — e™m), 10A. 


it follows that, at time t’ after the end of the infusion, 
B is defined by the equation: 


epee. 11A. 


The quantity of estrogen entering the nucleus, Qn, 1s 
related to £: 


Uin rie 
Qn = K: pidt + Ke; b,,dt’, 12A. 
to tint 
L.e., 
a . (l-e 
n= Ekel (1 25) + 13A. 


—hat’ 
V ————_— 
vane (13 )} 


>3 


Therefore, the total quantity of estrogen (Qy hot: enter- 
ing the nucleus during and after the infusion is related 
to €p and tin as follows: 
(Qu) = È Kee E + (© - 5) (G= edu) A 
N /tot 2&p | ‘inf K, b - | . 
Since 


Dos Sp tr, 15A. 


(Qx)o is related to the dose by the equation: 


aK, 


(Qrho = pp Dose | 1+ . 16A. 


The latter equation shows that the case in which (Qy)tot 
is a function of the dose, irrespective of infusion time, 


l 
and — were 


aa 
Ką .b 


would occur only if the time constants 
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equal or estrogen would combine slowly with cytoplas- 


mic receptors (i.e., if b were a small number). If = > 
8 


l : ' 
5 and formation of the estrogen-receptor complex in 


the cytoplasm is rapid, (Qx jot 18 maximal when the dose 
is infused over a very short period of time. Given the 
fact that this same relationship exists between flow re- 
sponse and infusion time, it seems reasonable to postu- 


late that the flow response is determined by (Qx)tot- 


On the basis of the data provided by the ]-minute and 
25-minute infusion modalities, there is not enough 


: . V l 
information to estimate the values of - and ~. How- 


Ky b 
ever, the fact that the divided-dose modality of admin- 
istration evokes less response than the l-minute modal- 
ity can be mterpreted to mean that several minutes 
after the infusion a significant fraction of the estrogen- 
receptor complex is still present in the cytoplasm. 
Using this concept and a trial-and-error method, we 
V l ; 
estimate that values for K, and p are approximately 
6 and 3 minutes, respectively. Substituting these in 
Equation 14A gives Equation 1 of the text: 


(Qsha = C élt + 3(1 — e7]. 


The predicted time-course of 8 is shown in Fig. 6. Fig. 
7 displays the time-course of Qx. The relationship be- 
bF (Qy) wt 
aK, 
sponse is depicted in Fig. 8. This figure shows that, 
regardless of the mode of administration, equal values 
of (On)toe evoke the same blood flow response as re- 
quired by the model. Furthermore, it shows that the 
relationship between (Qy)tot and flow response is 
S-shaped. It should be noticed that zhe shape of the 
stimulus-response curve may depend on events sub- 
sequent to nuclear binding and that the madel does not 
make any prediction concerning these events. 


tween calculated values of and the flow re- 
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Fig. 8. Relationship of blood flow response to (Qx)tot. (Qn)tot 


and -he constants in were not measured in these experi- 


bF 
aK, 
bF l 
mens, The product (eC) (Oxot was estimated from the 
2 


experimental data on the basis of a mathematical model. Since 





the cuantity is a constant and (Qy)to, is a variable, the 


bF 
aK, 
dependence af the blood flow response on (Qy)tot is as de- 
picted. 


Relationship of obstetric parameters to the 
concentration of pregnancy-associated plasnia 
protein A 
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Aberdeen, Scotland 


Pregnancy-associated plasma protein A (PAPP-A) was measured by rocket immuncelectrophoresis 
in 272 patients at 34 weeks of pregnancy and within 48 hours before delivery. The values obtained 
have been compared to maternal parameters (age, weight, weight gain, blood group, rhesus factor, 


and parity) and to fetal parameters (sex, weight, Apgar score, rhesus factor, blood group, and 
placental weight). Maternal age, increased parity, and increased body weight are related to 
decreased PAPP-A levels. On the other hand, mothers carrying male fetuses, rnesus-negative 
children, and babies with Apgar scores higher than 7 at 1 minute have increased PAPP-A 
concentrations. These findings are discussed in relation to PAPP-A’s involvement in the maternal 
immunologic system. (AM. J. OBSTET. GYNECOL. 138:494, 1980.) 


PREGNANCY-ASSOCIATED PLASMA. PROTEIN A 
(PAPP-A) is one of a growing list of newly discovered 
placental proteins. It was first partially purified from 
pregnancy plasma by Lin and associates.’ With the 
help of an antiserum given to us by Dr. Lin, we puri- 
hed PAPP-A to homogeneity and characterized it.” 3 
PAPP-A is a macromolecular glycoprotein of about 
800,000 molecular weight. Its concentration in mater- 
nal plasma increases as pregnancy progresses to reach a 
maximum just at parturition.” 5 After parturition it is 
cleared from the maternal circulation with a half life of 
2 to 3 days.” 5 

The biological function of PAPP-A is as yet unknown 
but preliminary in vitro studies indicate that this protein 
might be involved in the complement system and in the 
fibrinolytic process.? The development of an immu- 
noelectrophoretic technique for measuring PAPP-A® 
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makes possible a different approach to the understand- 
ing of the physiologic role of PAPP-A. It was hoped 
that by studying the relationship between the concen- 
trations of PAPP-A and some ‘obstetric parameters a 
clue might be found regarding the function of 
PAPP-A. 


Material and methods 


Venous blood (10 ml) was drawn from randomly s€- 
lected volunteers at the thirty-fourth week of preg- 
nancy and in most cases within 48 hours of delivery 
when they were admitted in early labor. Plasma was 
separated and the samples were kept at —20° C until 
further processing. 

Among the 272 patients with blood samples col- 
lected, 176 had normal pregnancies and 96 developed 
some obstetric abnormalities as judged by the case rec- 
ords obtained after delivery. 

PAPP-A was measured by rocket immunoelectro- 
phoresis® with a monospecific antiserum raised in rab- 
bits against pure PAPP-A isolated from pooled third- 
trimester pregnancy plasma.” The standard was a pool 
of pregnancy plasma calibrated against pure PAPP-A. 

As mentioned elsewhere,” 8 the PAPP-A concentra- 
tion has a skewed distribution. By using a log transform 


. of the data, the distribution is normalized and the t test 


can be applied. 
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Fig. 1. Relation between maternal weight and PAPP-A concentrations (mean + SD) at 34 weeks of 
pregnancy (open bars) and during labor (shaded bars). 


Table I. Relation between maternal weight gain, baby weight, Abgar score. and PAPP-A concentrations 






Weight gain between O to 34 weeks: 


=8 kg 84 92.6 160.5 

<8 kg 64 102.8 184.9 
Normal baby weight 227 104.0 191.0 
Babies below tenth percentile 31 119.8 178.9 
Apgar score at I min: 

>7 158 95.9 167.0 

<7 “18 107.5 170.3 


NS = Not significant. 


Results 


Maternal weight. The 34-week PA?P-A concentra- 
tion in normal patients is inversely related to the ma- 
ternal body weight (Fig. 1). Women under 50 kg have 
about twice the concentration of PAPP-A o= those over 
90 kg. When the PAPP-A levels during lator are con- 
sidered, the same significant difference is observed and 
in the 34-week group there is a steady fall in PAPP-A 
concentration as maternal weight increases. 

When the patients are divided into parous and nul- 
liparous women, the PAPP-A levels at 34 weeks are 
significantly lower for nulliparous woren over 70 kg as 
compared to women weighing less than 70 kg. 

Maternal age. PAPP-A concentrations at 34 weeks 
show a tendency to decline with maternal age. This 
becomes statistically significant only if the patients less 


PAPP-A at 34 weeks (mg/ml) 
= [itn [per so [on 30 [3 |o ren [nb [tan = 50 Tar 


PAPP-A during labor (mg/ml) 


53.5 8&8 150.0 290.5 77.5 

NS NS 
57.1 30 185.1 350.2 97.8 
56.6 . 99 167.8 328.6 85.6 
68.6 NS 16 1996 343.7 115.9 NS 
55.1 . 67 155.3 291.2 89.8 
67.8 NS 10 943.4 454.3 130.4 005 


than 30 are compared with those patients older than 35 
years of age. When estimates are done within 48 hours 
of delivery, a clear-cut significant decrease is observed 
(Fig. 2). 

When the age effect is tested separately in nullipa- 
rous and parous women, the observed decrease is not 
significant anymore. It is difficult to separate the effects 
of parity and of age on PAPP-A concentration, but on 
the whole it appears that parity effects are dominant. 

Pazity. It is problematic whether a previous abortion 
should count as a pregnancy in the parity categoriza- 
tion of our data. If all the patients with a history of 
previous abortion are eliminated, there remain 138 
normal women with 34-week PAPP-A values. These 
subjects show a consistent decline in PAPP-A with in- 
creas.ng parity, as do the 64 patients “in labor” (Fig. 3). 
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Fig. 2. Relation between maternal age and PAPP-A concentrations (mean + SD) at 34 weeks of 
_ pregnancy (open bars) and during labor ‘shaded bars). 


Table II. Correlation between placental weight and 
PAPP-A concentrations in normal pregnancies 






Spearman rank correlation coefficients 





Labor 


PAPP-A |Log PAPP-A | PAPP-A | Log PAPP-A 


Coefficient —(.104 — 0.104 0.151 0.151; 
n 176 176 76 76 
2P 0.18 0.18 0.19 0.19 


As can be seen in Fig. 3, previous abortions do not of 
themselves make a difference tc the PAPP-A concen- 
tration. Therefore, when the normal population is split 
into parous and nulliparous groups and the existence 
of a previous abortion is ignored, the parous group has 
a significantly lower PAPP-A concentration than the 
nulliparous group at 34 weeks. 

Weight gain in pregnancy. The mean weight gain 
between 0 and 34 weeks of pregnancy in the normal 
patients was 7.9 + 3.5 kg (mean + SD). 

No significant differences are observed when the 
PAPP-A levels of normal patients with a body weight 
gain of more than 8 kg are compared to those of pa- 
tients with a weight gain of less than 8 kg (Table I}. 

Baby weight. When all pregnancies are considered, 
the mothers whose babies are growth retarded (below 
tenth percentile according to the criteria of ‘Thomson 
and associates?) do not have significantly lower PAPP-A 
levels than those carrying normal-sized babies (Table 


I). Within the normal group there was no significant 
correlation (Spearman rank) between PAPP-A and 
baby weight. 

Apgar score. As might be ergere, there was no 
relationship between the PAPP-A concentrations at 34 
weeks and the Apgar score at birth but Table I shows a 
significant tendency for low PAPP-A values in {abor to 
be associated with lower Apgar scores. 

Placental weight, Spearman rank correlation co- 
efficients have been calculated in order to determine 
whether PAPP-A concentrations bear any relation to 
placental weight. 

Among the 176 normal pregnancies no statistically 
significant correlation could be found between the pla- 
cental weight and the concentrations of PAPP-A at 34 
weeks or during labor (Table II). 

These placental weights have been taken from the 
routine labor records, Although we have tried to main- 
tain a standardized weighing technique, it must be ac- 
knowledged that many observers were involved and 
the weighing often was done when there was much 
pressure of other work. There may be some doubt 
about the accuracy of these data. 

Fetal sex. At 34 weeks there is no effect of fetal sex 
on PAPP-A. Some of the subgroups in the patients “in 
labor” show significantly larger. PAPP-A values in male 
babies. This effect disappears when mothers over 30 or 
parous mothers are considered (Fig. 4). 

Rhesus factor. Unfortunately, not all mothers or 
babies were tested for rhesus factor, but when PAPP-A 
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Fig. 3. Relation between parity and PAPP-A concentrations (megu + SD) at 34 weeks of pregnancy 
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CJ female babies — 90 | all 5 


Obstetric parameters and PAPP-A 


497 


male babies 


ANA normal pregnancies VAN ANN 


2p <0.003 


normal pregnancies peas 

ANA mothers < 30years VIWESSS poe 
ae normal pregnancies 

SSY Mothers >30years SWS 


N oe 2p <0.002 
mothers VA GES 
normal parous 


(mean + SD) 
normal nulliparous 
NIVY mothers 
400 200 0 


PAPP-A at 34 weeks (ug/ml) 


0 . 200 400 
PAPP-A during labour (ug/ml) 


Fig. 4. Relation between fetal sex and PAPP-A concentrations (mean + SD) in mothers with female 


babies (open bars) and in mothers with male babies. 


levels of rhesus-positive and rhesus-negative mothers 
are compared no significant differences are observed 
(Fig. 5). However, mothers with rhesus-negative babies, 
irrespective of their own rhesus factor or of their par- 
ity, have significantly higher concentrations of PAPP-A 
as compared to mothers with Thesus -positive babies 
(Fig. 5). 

Maternal and fetal blood groups. In the cases where 
the blood group was assessed, no changes in concen- 
trations of PAPP-A at 34 weeks or during labor are 


observed when normal patients are divided according 
to their blood groups or according to the blood groups 
of their children (Table III). 


Comment 


The inverse relationship between PAPP-A and ma- 
ternal body weight may be due to a dilution effect, the 
heavier women having a larger plasma volume. The 
reduced PAPP-A levels in women over 35 years of age 
could be due to the effect of parity, although when 
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Fig. 5. Relation between rhesus factors and PAPP-A concentrations (mean + SD). 


Table III. Relation between maternal and infant blood group and PAPP-A concentrations 





a Ds [rers [=a] ae [5 [en [oer [ a 





PAPP-A during labor 


Infants: 2. 
A 23 95.0 198.6 45.5 8 194.0 293.7 128.2 NS 
B 7 1018 147.2 — e > 
O ° 39 973 157.7 60.07 20 177.0 -329.5 -95.0 NS 

Mothers: l p 
A` 5 90 173.0 52.2 21 173.0 337.2 88.7 
B 24 1143 173.0 75.5 ns 8 181.1 307.6 106.6—>>Ns 
O 85 97.3 161.4 58.6 39 165.2 3147 867 


parity is allowed for in the age analysis there is a non- 
significant tendency for older women to have a lower 
PAPP-A concentration. l 

The clear-cùt relationship of parity and PAPP-A 
concentration is intriguing. This is an effect which is 
triggered by some event in late pregnancy since an 
abortion does not lower PAPP-A in a subsequent preg- 
nancy. If PAPP-A is a placental product, then the con- 
centration of this protein is presumably determined 
primarily by fetoplacental factors. This-is borne out by 
the likely connection between PAPP-A values and the 
fetal. rhesus factor. However, the “information” of a 
previous pregnancy can only be stored in the maternal 
organism and the ‘mother must have some means of 
conveying this to the fetoplacental unit. A likely mech- 
anism is an immunologic factor. It may be that immu- 
nologic factors in the mother, triggered by pregnancy, 
affect PAPP-A production by the fetoplacental ı unitin a 
subsequent pregnancy. 

A further indication that the PAPP-A production 
rate might be controlled to some extent by maternal 


factors arises from our finding that, in contrast to the 
conclusions reached by Lin and associates,’ there is no 
clear-cut relationship between PAPP-A concentration 
and placental weight (with the relative inaccuracy of 
our data on placental weights taken into consideration). 
It has been convincingly argued that the placenta is 
an independent organism, independent of feedback 
mechanisms whose production rate of secreted proteins 
is solely related to placental size and intervillous blood 
flow.!° It must be acknowledged that the evidence that 
PAPP-A is a protein produced by the placenta rests 
largely on one publication which demonstrates its pres- 
ence in the syncytiotrophoblast by immunofluorescence 
staining." 

If PAPP-A is actually a maternal product it seems 
reasonable that maternal rather than fetoplacental fac- 
tors should induence its concentration in maternal 
serum. 


Our thanks are due to Mrs. P. Cunningham for 
technical assistance. 
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Steroid concentrations and A®,3p- -hydroxysteroid 
dehydrogenase activity in human placenta 


ee between. elective cesarean section and 


spontaneous vaginal delivery 
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The leve! of A5,38-hydroxysteroid dehydrogenase (A5,38-HSDH) was measured in the mitochondrial 
and microsomal fractions of the human term placenta. The capability of the placenta to transform 
pregnenolone to progestercne was found to be significantly higher after spontaneous vaginal 
delivery than after elective cesarean section (p < 0.001). There was a significant rise in the 
placental concentration of estrone occurring at the time of parturition (p < 0.01). The placental . 
concentration of estradio!-178 was also greater after than before parturition but the difference was 
not statistically significant. Conversely to the estrogen concentration, no difference existed in the 
progesterone concentration between the two groups of placentas. The significance of these findings 
is discussed in relation to the.parturition process. (AM. J. OBSTET. GYNECOL. 138:500, 1980.) 


THE MECHANISM that triggers Darturition is notas well 
understood in the human as in the “sheep model.” ? 
Ethical and practical problems limit the possibility to 
determine to what extent the human fetus has a deci- 
sive role in the timing of labor. In addition, near term, 
numerous authors have failed to detect the significant 
fall in progesterone and rise in estrogens in the mater- 
nal peripheral plasma which are considered as pre- 
requisites of parturition, according to the concept of 
Csapo.’ This fact could be partly explained by the orig- 
inal distribution of the enzymes responsible for both 
the synthesis and the metabolism of steroid hormones 
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in the different tissues of the human fetoplacental unit. 


‘However, the changes that occur in placental ste- 


roidogenesis before the onset of labor should be 
considered. An essential enzyme for the formation of 
progesterone and estrogens is A®,38-hydroxysteroid 
dehydrogenase (A°,38-HSDH; EC 1.1.1.51) which cata- 
lyzes the rate-limiting step in the conversion of preg- 
nenolone to progesterone and of dehydroepiandros- 
terone to androstenedione. Previous studies per- 
formed on human term placentas have shown that the 
enzymatic activity is mainly localized in mitochondrial 
and microsomal fractions.* * 

In view of these findings, we have attempted to study 
the relationship between humai placental A*,3£- 
HSDH and parturition. Endogenous levels of proges- 
terone, estradiol-178, and estrone were also deter- 
mined for comparison. 


Material and methods 


Placentas were collected immediately, either at the 
time of elective cesarean section performed prior to 
beginning of labor after the thirty-ninth week of gesta- 
tion or after spontaneous vaginal delivery at term. All 
women were in good health with uncomplicated preg- 
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Table I. A°®,38-HSDH activity in human placenta in 
relauon to parturition a 











A’, 3B-HSDH activity 
(nmoles/mg pretein/min)* 


Mitochondrial 
fraction 













Microsomal 


«Mode of delivery fraction 


Cesarean section 63 + 40 53 + 30 
(15-130) (19-100) 
n= 10 n=§8 
Vaginal delivery 19] + 48 253 + 36 
(10 1-260) (190-285) 
n= 15 n=8 
Significance p < 0.001 p <0.001 


*Activity is expressed as the mean SD and extreme 
values. 
n = Number of placentas assayed. 


Table II. Steroid concentrations in human placenta 
in relation to parturition 









Steroid concentration: 
(nglem wet weight tissue)* 







Cesarean section 3,128 + 1,045 13 + 10 176 + 66 
(1,916-4,600) (4-29) (90-270) 

Vaginal delivery 2,847 + 1,028 45 + 36 410 + 90 
(1,545-4,061) (18-100) (329-545) 

Significance p>0.1 p<0.1 p<0.01 


*Steroid values are expressed as the means + SDs and ex- 
treme values of duplicate experiments in five cifferent pla- 
centas. 


nancies, the pregnancy being terminated by cesarean 
section because of cephalopelvic disproportion. Dissec- 
tion and homogenization procedures and all the 
further steps required to obtain mitochondrial and mi- 
crosomal fractions were described elsewhere." 

Aliquots (0.5 ml) of placental homogenate (200 mg 
of wet dissected tissue per 6 ml of distilled water) were 
treated three times by 2 ml of hexane for progesterone 
extraction and twice by 5 ml of ether:ethyl acetate 
(3:1, v:v) for estradiol-178 and estrone extraction. 
The endogenous content in these three steroids was 
then determined by means of a direct radioimmungas- 
say, as described previously.® 

A®,38-HSDH activity was measured in mitochondrial 
and microsomal fractions without delay following their 
preparation, according to a double-isotope dilution 
method in conditions similar to those reported earlier. 
Briefly, 1 ml of the enzymatic preparation was added to 
9 ml of the incubation medium in such a manner that 
the final concentrations of components in the reaction 
mixture were: 5 X 1075M [16-*H]pregnenolone (5 x 
107? aCi), 5 x 10-"M NAD+, 1 x 10°?7M NaCl, 1.5 x 
10°?M KCl, 2 x 107M sucrose, 2 x 10°°M tris HCl, 
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Fig. 1. Kinetics of conversion of pregnenolone to progester- 
one b” mitochondrial fraction from human placenta obtained 
by elective cesarean section. The concentrations of cofactor 
used cre 1 x 107M NAD? (a—a)}, 1 x 10M NADP? (e—e), 
1 x IDM NADPH (a4—a), none (om0). 


pH 7.4. At various times 1 ml of the incubation 
medium was pipetted. The enzymatic reaction was 
stopped by immediate extraction with ether: ethyl ace- 
tate (1:1, v:v). At the same time, 5 X 1079 Ci of [4- 
4C}progesterone was added as a tracer. Thin-layer 
chromatography in the chloroform acetone (185: 15, 
v:v) system was used to separate progesterone (Rf 
0.69) from pregnenolone (Rf 0.48). 

Protein concentration in each fraction was measured 
by the method of Lowry and associates’ with bovine 
serum albumin used as a standard. . 

Student's t test was used for determination of the 
statiscical significance of differences between mean 
values. — 


Results 


Tke conversion rate of pregnenolone to progester- 
one oy the mitochondrial fraction of a placenta ob- 
tained by elective cesarean section is illustrated in Fig. 
1. It was found that NAD+, rather than NADP+, is the 
requ_red cofactor. However, the mitochondrial frac- 
tion is able to transform pregnenolone to progesterone 
without anv addition of exogenous cofactor. This con- 
version, which is not as high as that in the presence of 
NAL or NADP*, is appreciably reduced by the addi- 
tion of NADPH. Although experiments were per- 
formed at subsaturating substrate concentrations and 
nonl.miting cofactor concentrations, it should be no- 
ticed that the amount of progesterone formed does not 
vary linearly with time after about 3 to 5 minutes. The 
decrease of the rate of pregnenolone oxidation can be 
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attributed to an inhibitory effect of the steroid product, 
as previously observed.’ In order to calculate specific 
activities, conditions were chosen so that the progester- 
one formed by the mitochondrial and microsomal en- 
zymes was linearly dependent on the time of incubation 
and on the protein content. Specific activities deter- 
mined in relation to the parturition process are re- 
ported in Table I. It can be seen that the A°,38-HSDH 
activity ts significantly higher (p < 0.001) in the pla- 
centas obtained after vaginal delivery than in the or- 
gans obtained during cesarean section. A similar trend 
may be observed in both subcellular fractions, although 
the extent of the increase appears somewhat higher in 
the microsomal fraction than in the mitochondrial one. 

The concentrations of progesterone, estradiol-17£, 
and estrone in placentas taken during cesarean section 
or after vaginal delivery are shown in Table II. There is 
no significant difference in the concentration of pro- 
gesterone for the placentas obtained‘either by cesarean 
section or after vaginal delivery. Conversely to proges- 
terone, changes in estrogen values could be discerned 
after parturition. The mean estrogen levels in pla- 
centas obtained after vaginal delivery are greater than 
in organs obtained during cesarean section. However, 
the difference is not statistically as significant for 
estradiol- 176 (p < 0.1) as for estrone {p < 0.01). in the 
two groups of placentas, the mean estrone level is al- 
ways about tenfold higher than the estradiol- 176 value. 


Comment 


The present study shows that the human placenta 
possesses a higher capacity to synthesize progesterone 
from pregnenolone after parturition than before. In 
the umbilical plasma as well as in the liquid of perfu- 
sion of the whole placenta, previous investigations have 
revealed that the pregnenolone: progesterone ratio 
was more elevated after elective cesarean section than 
after spontaneous labor with ‘vaginal delivery. This 
may be related to the increase of placental A*,36- 
HSDH activity throughout parturition. Presumably, 
different experimental conditions, including the use of 
solubilized mitochondrial enzyme, might account for 
the lack of significant differences reported by Diaz- 
Zagoya and associates? for A®,38-HSDH activity be- 
tween placentas obtained by elective cesarean section 
and those obtained after spontaneous vaginal delivery. 
Indeed, placental A*,38-HSDH activity seems to be in- 
timately associated with mitochondrial and microsomal 
membranes,* and the instability of the enzyme toward 
solubilization is well known. Thus, as for several other 
membrane-bound enzymes, the possibility exists that 
the transfer of activity to a soluble state is followed by 
` the loss of “induced” effects. The reason for the in- 
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creased specific activity of the A5,38-HSDH in the pla- 
centas obtained: after parturition remains obscure. It 
should be mentioned that in the human fetal adrenals 
the conversion of pregnenolone to progesterone is not 
favored, an endogenous inhibitor probably being im- 
plicated in this relative deficiency of a pregnenolone- 
specific A*,38-HSDH -isomerase svstem.!! In the 
human placenta, it is well established that various fac- 
tors like reduced forms of cofactors and a number of 
steroids are able to affect the “in vitro” A°,3B-HSDH 
activity. Obviously, some of them change with par- 
turition. Of interest in this regard is the recent char- 
acterization by Wiener and Reiner"? of a nonpolar in- 
hibitor, common for placental A®,38-HSDH and 
20a-hydroxysteroid oxidoreductase enzymes, which is 
present in both the soluble and the membranous frac- 
tions. It has been suggested by Wiener” that this inhibi- 
tor is involved with partial suppression of placental 
A®,38-HSDH activity during normally progressing ges- 
tation. Release of this inhibitor occurs in situations in- 
volving placental damage such as x-irradiation." 
Therefore, this Anding opens up the possibility that the 
high A®, 38-HSDH level found in placentas obtained by 
vaginal delivery may be due to the placental damage 
produced by hypoxia and ischemia during parturition. 
However, we do not have enough information at our 
disposal to establish the physiologic significance of in- 
creased activity after parturition. Moreover, if one 
considers that the human placenta is often described as 
a senescent organ at term, these data appear rather 
surprising. 

Our results for progesterone concentration -agree 
closely with these reported by other authors in human 
placenta, near term.® * 15 18 Nevertheless, our data 
obtained with A*,38-HSDH do not correlate with the 
endogenous progesterone content, which was found to 
be similar in the two groups of placentas. In any case, 
these results do not indicate that the “progesterone 
withdrawal,” which is considered as a necessary event 
in the initiation of labor, takes place in the placenta. 
Since there is a marked increase in the conversion 
of progesterone into 20a-dihydroprogesterone from 
mid pregnancy until term and during parturition,” *7 it 
is possible that 20a-hydroxysteroid oxidoreductase 
contributes to the maintenance of a constant proges- 
terone level in the placenta. In spite of the expected fall 
in progesterone, we observed a rise in the placen- 
tal estrogen content with parturition. Estrogens are 
known to cause lability of the lysosomal membrane and 
promote prostaglandin synthesis, and it was also dem- 
onstrated that placental estrogen production is stimu- 
lated by prostaglandins.'* Consequently, the increased 
estrogen content observed in the placenta may be re- 
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lated to the increased placental prostaglandin synthesis 
occurring with parturition. Previous works have dem- 
onstrated that placental steroids are ab.¢ to impregnate 
strongly the adjacent fetal membranes and uterine tis- 
sues.® 15 16 19 However, it should be remembered that 
the level of steroids in these structures is also controlled 
by binding capacity and metabolizing enzymes. How- 
ever, near term, estrogens, especially estradiol-17£, 
appear to diffuse more easily than progesterone from 
the placenta to the adjacent myometrial area.® It is 
likely that the shift from progesterone to estrogen 
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Postpartum lymphocytic thyroiditis in American 
women: A spectrum of thyroid dysfunction 


HENRY G. FEIN, M.D. 

JOEL M. GOLDMAN, M.D.* 
BRUCE D. WEINTRAUB, M.D. 
Bethesda, Maryland 


Six episodes of primary hy2othyroidism followed pregnancy in five women, Within 6 months post 
partum, all were clinically hypothyroid, with a diffuse goiter of two to three times normal size, altered 
thyroid function tests (average thyroxine [T,] = 2.6 ug/di, thyroid-stimulating hormone [TSH] = 58.2 
U/ml), and elevated antithyroid antibodies, (All had antimicrosomal antibody titers of 1:6,400 or 
more.) After 5 more months, all patients had a decrease in antibody titer, resolution of symptoms, 
and recovery of thyroid hormone levels (average T, = 7.3 ug/dl), although two patients had 
compensated hypothyroidism (their average TSH = 9.3 U/ml). Four patients had lymphocytic 
thyroiditis diagnosed by fine-needle aspiration biopsy. Despite the apparent transience of 
postpartum hypothyroidisrr, all five patients have chronic thyroid dysfunction: three women have 
persistent goiters (all less than twice normal size) and two have compensated hypothyroidism; one 
patient had previous Graves’ hyperthyroidism, and two had recurrent transient hypothyroidism (at 21 
months postpartum in one patient, and 5 months after another pregnancy in the other). Three 
women had transient, painiess hyperthyroidism (average T, = 16.1) before tecoming hypothyroid: 
two patients within 8 weeks post partum, and the third patient at 20 months (preceding an episode 
of recurrent hypothyroidism). Previous reports of postpartum hypothyroidism have come from 
scattered localas abroad, and it is unclear whethér local environmental factors are pathogenic. 
Nevertheless, this syndrome may, in general, have gone unrecognized and may be a significant 
cause of illness in postpartum women. (AM. J. OBSTET. GYNECOL. 138:504, 1980.) 


CHRONIC lymphocytic thyroiditis and Graves’ disease 
are now recognized as autoimmune disorders.’. Re- 
cently, a new syndrome has been described that re- 
sembles that of subacute thyroiditis in its clinical 
presentation but without neck pain. This syndrome is 
accompanied by positive thyroid autoantibodies and 
biopsy-proved lymphocytic thyroiditis in some cases.” It 
has been given various names, including “painless” or 
“silent” thyroiditis. Whether this represents a chronic 
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form of granulomatous thyroiditis or an acute form of 
lymphocytic thyroiditis has been debated. A similar 
controversy exists over the recently described syn- . 
drome of postpartum thyroiditis. This entity, initially 
reported in Japanese women? and recently described in 
England,’ has been characterized by transient hypo- 
thyroidism, goiter, and anuthyroid autoantibodies oc- 
curring within 6 months of delivery and remitting by 1 
year. Five other patients, reported from Canada,’ had 
transient hyperthyroidism shortly after pregnancy, two 
of whom subsequently became hypothyroid. 

We now report five new cases of postpartum thy- 
roiditis in American women. In contrast to the previous 
reports, which have stressed the transient nature of all 
these forms of thyroiditis,’ ~% our study of five patients 
revealed evidence of persistent thyroid disease in all of 
them. In addition, our patients had high titer an- 
tithyroid antibodies and aspiration biopsies showing 
lymphocytic thyroiditis, which suggests the presence of 
an autoimmune disorder. Despite this evidence for an 
underlying chronic disorder, the transience of the 
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Fig. 1. Thyroid function tests and antibody levels after deliv- 
ery in Case 1. Serum T, (e—e) and: free T, (A----4) are 
shown in the top panel. Serum T, levels (not shown) paral- 


leled serum Ty, except when the patient was treated with L- — 
triiodothyronine (T>) as indicáted in the upper panel. During ‘ 


those periods, serum T; was always normal. TSH levels 
(o—o) are shown in the middle panel, and antimicrosomal 
antibody (a——#) and antihyroglobulin (C+) titers in the 
lower panel. Normal values are within the shaded areas. 


symptoms of hypothyroidism may resulti in many cases = 
going unrecognized | both by the patients themselves — 


and by their, physicians. 


Methods . oe 
Subjects. All patients were evaluated anc treated.at 
the National’ Institutes. of Health (NIH) outpatient 
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Fig. 2. Filter prepared from thyroid aspirate of Case | dem- 
onstrates many small and medium-sized lymphocytes and 
plasma.cells. A germinal center cell, with prominent nucleolus 
and cvtoplasm, is in the center of the photomicrograph. A 
diagnosis of lymphocytic thyroiditis was made. (Original 
agran x500.) l 


elinic. Cases. I and 2 were first noticed by the husbands, 
both NIH physicians, when goiter appeared post par- 
tum; Case 3 was referred for the same reason by the 


NIH arthritis clinic. Cases 4 and 5 were being followed 


at NIH for prior thyroid disease. 
Assays. Serum thyroxine (T,), triiodothyronine (T3), 
and thyroid-stirulating hormone (TSH) were mea- 


“sured by standard- radioimmunoassay techniques. T, 


resin. uptake (TRU) was measured by a standard 
technique, and free thyroxine (FT,) was measured by a 
dialysis method. Unless otherwise stated, normal values 


are: T,,-5.5 to 11.5 ug/dl; FT 4, 1.0 to 2.3 ng/dl; TRU, 


22 to 35%; Ts, 54 to 218 ng/dl; and TSH, less than 3.9 


„U/ml, Antithyroglobulin and antithyroid microsomal 


" antibodies were measured by Bio Science Laboratories 


$ 


with the use of hemagglutination titers for all patients ’ 
except Case 3, whose antimicrosomal antibodies were 


_ measured by Nichols Institute by competitive binding 


radioassay. - 


Case reports 


Case 1. A 27-year-old ee woman gave birth in 
September, 1973, after her first pregnancy. She had no 
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Fig. 3. Thyroid function tests and antibody levels after deliv- 


ery in Case 2. Legend as in Fig. 1. L-Thyroxine (T4) and 


triiodothyronine (T,) were administered as indicated in the 
upper panel. 


history of thyroid disease until her obstetrician noticed 
a small goiter during the third trimester; serum T; was 
9.9 g/dl (normal, 3.9 to 14.7). The goiter gradually 
enlarged after delivery. When examined 2 months post 


-= partum, she was asymptomatic, with a painless, firm 


thyroid of twice normal size. Thyroid function tests at 
that time were elevated: Ty, 13.3 g/dl; FT,, 2.9 ng/dl; 
T, 280 ng/dl; and TSH, less than 1.0 #U/ml. An- 
tithyroglobulin and antimicrosomal antibody titers 
were also elevated (Fig. 1). Since the patient was nurs- 
ing her infant, no “'I uptake.test was performed. No 
therapy was given, and within 6 weeks the patient felt 
sluggish and ‘easily fatigued. Her thyroid was then 
found to be firm and diffusely enlarged to four times 
normal size. She was hypothyroid: T4, 4.3 wg/dl: FT4, 
0.8 ng/dl; Ts, 106 ng/dl; and TSH, 7.6 «U/ml. Fine- 


needle thyroid aspiration biopsy® performed at that 


time revealed numerous lymphocytes, plasma cells, 
histiocytes, a few polymorphonuclear leukocytes, and 
germinal center cells; a diagnosis of lymphocytic thy- 
roiditis was made (Fig. 2). Administration of L-tri- 


iodothyronine, 25 ug three times a day, was begun, 


with prompt resolution of symptoms. By 7 months post 
partum the thyroid was moderately soft at upper nor- 
mal size. T} was then withheld, and 3 weeks later the 
goiter had enlarged to three times normal size. Thy- 
roid function tests were: T4, 5.3 g/dl; FT4, 0.8 ng/dl; 
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Fig. 4. Thyroid function tests and antibody levels after the 
third delivery in Case 3. Legend as in Fig. 1. 


T, 173 ng/dl; and TSH, 56.1 U/ml. The patient felt 
sluggish and fatigued. The administration of triio- 
dothyronine wes then resumed for 1 month. during 
which time the thyroid regressed to upper normal size. 
T, was again withheld, and thyroid function tests at 8% 
months post partum were: Ty, 4.9 ug/dl; FT,, 1.0 
ng/dl; T;, 192 ng/dl; and TSH, 11.3 „U/ml. The pa- 
tient has felt well, but the goiter has remained moder- 
ately firm and diffusely enlarged to 1% times normal 
size. Thyroid function tests 94% months post partum 
were unchanged from the previous month. Family his- 
tory reveals no endocrine or autoimmune disease, The 
infant has grown and developed normally, without thy- 
roid dysfunction. . . | 
Case 2. A 28-year-old white woman gave birth in 
February, 1978, after her first pregnancy. She. was 
asymptomatic, with no previous history of thyroid dis- 
ease until she noticed gradually increasing fatigue and 
a visible goiter 4% months post partum. Examination 
revealed a firm, painless thyroid 244 times normal size, 
with: Ty, 2.0 x2/dl; FT, 0.5 ng/dl; T3, 84 ng/dl; and 
TSH, 58.5 wU/ml. The antimicrosomal antibody titers 
were elevated (Fig. 3). Twenty-four-hour "I uptake 
was 30%; scanning revealed diffuse homogeneous up- 


. take, with visualization of a pyramidal lobe. Predni- 
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sone, 10 mg four times a day for 1 week, was given to 
shrink the thyroid.’ This resulted in a 30% decrease in 
the size of the goiter. Admmistration of L-thyroxine, 
0.2 mg daily, was then begun. Symptoms resolved 
within 3 weeks, and by 10 months post partum, the 
thyroid was barely palpable. Aspiration biopsy at that 
time revealed many lymphocytes, histiocytes, and oc- 
casional germinal center cells; a diagnosis of lympho- 
cytic thyroiditis was made. Therapy was then changed 
to L-triiodothyronine, 25 wg three times a day, which 
was discontinued 11 months post partum. The patient 
continued to feel well, and within 1 more month the 
thyroid function tests were normal. The TSH response 
to thyrotropin-releasing hormone (TRH) was also nor- 
mal, rising from a basal 3.9 ~U/ml to 25.4 „U/ml at 30 
minutes. The thyroid was moderately firm and slightly 
larger than normal. The patient has remained euthy- 
roid for 6 months, but the small goiter persists. Family 
history includes rheumatoid arthritis in the patient’s 
mother, but no endocrine disease. The infant has 
grown and developed normally, without thyrcid dys- 
function, 

Case 3. A 29-year-old white woman gave birth in 
September, 1972, after her first pregnancy. She had no 
known signs or symptoms of thyroid disease until 3 
months post partum, when she became fatigued and 
noticed a visible, painless goiter. One month later, thy- 
roid function tests showed: Ty, 1.5 wg/dl (normal 4.5 to 
10.7) and TRU, 24%. Twenty-four-hour tI uptake 
was 21%, with a homogeneous, moderately enlarged 
thyroid on scan. Treatment was begun with L-thy- 
roxine, 0.1 mg daily. The patient discontinued this 2 
months later, without any further fatigue, and the goi- 
ter disappeared within 6 months without therapy. In 
October, 1974, she had visual and auditory hallucina- 
tions and arthralgias, but no rash or fever. Testing for 
antinuclear antibody was positive. The diagnosis of sys- 
temic lupus erythematosus was made, and prednisone, 


20 mg daily, was begun, with prompt resolution of» 


symptoms. She gave birth again in February, 1976, re- 
maining on prednisone throughout her pregnancy and 
postpartum period in doses of 20 to 60 mg daily. She 
had no clinical thyroid dysfunction, and no thyroid 
function tests were performed during or after this 
pregnancy. In September, 1976, she was referred to 
the NIH, where an extensive serologic examination was 
negative for systemic lupus. The prednisone was ta- 
pered and discontinued in June, 1977, without compli- 
cations. l 

The patient gave birth again in May, 1978. Six weeks 
post partum, she noticed trembling, headache, insom- 
nia, and increased appetite. She had no neck pain. 
Thyroid hormones were elevated (T4, 15ug/dl; TRU, 
37%), and 24-hour "I uptake was 6%. The symptoms 
cleared within 3 weeks, only to be followed 2 months 
later by clinical and chemical hypothyroidism: T,, 4.3 
pe/di; TSH, 40 wU/mi (Fig. 4). Elevated antimi- 
crosomal antibodies were found, and L-thvroxine, 50 
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Fig. 5. Thyroid function tests and antibody levels after the 
second delivery in Case 4. Legend as in Fig. 1. The patient is 
currently pregnant, as indicated by the stippled areas. 


ug dzily, was begun. Aspiration biopsy in January, 
1979, revealed lymphocytes, histiocytes, plasma cells, 
and germinal center cells; a diagnosis of lymphocytic 
thyroiditis was made. The thyroxine was then withheld, 
and the patient remained asymptomatic. Since then, 
she has had a barely palpable, moderately firm thyroid, 
without nodularity. Thyroid hormones have remained 
normal through 14 months post partum (T4, 5.2 wg/dl; 
FY,, 1.3 ng/dl; T3, 165 ng/dl). TSH is 7.9 U/ml, and 
hyperresponds to TRH (37.2 at 30 minutes). Family 
history reveals idiopathic hypothyroidism in her mother 
and a brother, but no other endocrine or autoimmune 
diseas2. All children have been euthyroid, and have 
growr and developed normally. 

Cas2 4. A 26-year-old white woman gave birth to her 
second child in July, 1976. She was well until she 
noticed a goiter, increased weight, and fatigue 6 
months later. There was no previous history of thyroid 
disease. She was hypothyroid (Ty, 3.4 g/dl; T, 75 
ng/dl [normal, &0 to 160]; TSH, 62 U/ml), with ele- 
vated antithyroglobulin and antimicrosomal antibody 
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Fig. 6. Thyroid function tests and antibody levels in Case 5. 
Legend as in Fig. 1. Propylthiouracil (PTU) was administered 
during the period indicated in the upper panel. Pregnancy is 
indicated by the stippled areas; delivery is indicated by the 
arrows. 


titers (Fig. 5). Replacement thyroid hormone was given 
for 2% months, with clinical improvement. Triiodothy- 
ronine was then withheld, and she remained euthyroid 
until March, 1978, when she developed headaches and 
tachycardia, without tremor, diarrhea, anxiety, or neck 
pain. Her thyroid hormone levels were elevated (T, 
18.1 pg/dl, T3, 240 ng/dl), but the radioiodine uptake 
was 1%. Within 3 weeks, her thyroid hormone levels 
were normal; and after another 3 weeks, she was slug- 
gish, fatigued, and chemically hypothyroid (T,, 0.6 
ugidl; FT, 0.2 ng/dl; Ts, 70 ng/dl; TSH, greater than 
100 w U/ml). Radioiodine uptaxe was then 11%, and 
scanning revealed an irregular thyroid without focal 
defects. During this period of hypothyroidism, her an- 
tibody titer rose substantially. A fine-needle aspiration 
biopsy at that time revealed many lymphocytes and 
histiocytes; a diagnosis of lymphocytic thyroiditis was 
made. After 1 week of prednisone, the goiter de- 
creased in size by 40%, coincident with a fall in TSH to 
32 „U/ml and a rise in thyroid hormones (T4, 3.4 
agidi; FT,, 0.9 ng/dl; Ts, 141 ng/dl). L-Thyroxine re- 
placement was begun after she continued to be hypo- 
thyroid for 6 weeks. Four montis after starting thyrox- 
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ine replacement, she became pregnant and her antibody 
titers fell. She is currently being followed on thyroxine 
replacement through dh otherwise uncomplicated 
pregnancy. Both of her children have grown ard devel- 
oped normally, without thyroid dysfunction. There is 
no family history of endocrine or autoimmune disease. 
Case 5. A 34-year-old white woman presented in Qc- 
tober, 1974, with typical signs and symptoms of thy- 
rotoxicosis. Her thyroid gland was diffusely enlarged 
to twice normal size, and she had pertorbital edema 
without exophthalmos, ophthalmoplegia, or pretibial 
myxedema. Radioiodine uptake was 72% at 24 hours. 
T, was 14.4 ug/dl (normal, 4.6 to 10.7); FT, was 2.9 
ngdl; T; was 389 ng/dl (normal, 60 to 190); and TSH 
was 3.1 «U/ml (normal, less than 10) (Fig. 6). She was 
treated with propylthiouracil, and good control was 
rapidly established. Use of the drug was discontinued 
after 10 months. She then remained euthyroid despite 
the presence of a goiter, diffusely enlarged to 14 times 
normal. Her periorbital edema gradually cleared dur- 
ing this time. She became pregnant approximately 6 
months after discontinuing the propylthiouracil and 
was euthyroid clinically and chemically during the 
pregnancy. She continued to be well until € months 
after delivery, when she complained of a gain in 
weight, puffiness of the face, fatigue, and lethergy. Her 
thyroid gland had increased to twice normal size. She 
was hypothyroid; Ty, 1.4 ug/dl; FTy, 0.3 ng/dl; Ts, 88 
ng/dl; and TSH, 56 «U/ml. Her antimicrosoma! an- 
tibodies became positive. She refused aspiration biopsy 
but agreed to be followed without replacement ther- 
apy, and within 3 to 4 months, her basal thyroid func- 
tion tests were normal, with no goiter. She was 
euthyroid for 8 months before becoming pregnant 
again, and has been euthyroid without goiter through 
the first trimester. There is no family history of endo- 
crine or autoimmune disease. The infant has grown 
and developed normally, without thyroid dysfunction. 


Comment 


Postpartum thyroiditis has been recognized as a dis- 
tinct entity in recent years.” 5 The first description was 
from Japan, reported by Amino and colleagues,® who 
described 25 episodes of postpartum hypothyroidism 
in 23 patients, only three of whom were permanently 
hypothyroid. All patients studied had elevated an- 
tithyroid antibodies, and the single patient in whom 
biopsy was performed had lymphocytic thyroiditis. 
Fourteen patients had no history of thyroid disease be- 
fore pregnancy, and although the authors ascribed the 
syndrome to autoimmune thyroiditis, they stressed the 
transient hypothyroidism. Ginsberg and Walfish® re- 
ported on five patients in Canada who had transient 
thyrotoxicosis and painless goiter that occurred l to 6 
months after delivery. All but one patient had low "I 
uptake while hyperthyroid, and three women sub- 
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sequently became hypothyroid, one permanently. In 
two patients the aspiration biopsy findings were inter- 
preted as “consistent with chronic thyroiditis,” and a 
third patient had elevated antithyroid antibodies. The 
authors concluded that their patents probably had 
subacute thyroiditis. Hoffbrand and Webb“ reported 
oh three patients in England who had postpartum goi- 
ter and hypothyroidism, At the time of thyroid dys- 
function, all of them had elevated antithyroid an- 


tibodies; these resolved within 14 mcnths of delivery, - 


as did the goiter and the hypothyroicism. 

Our American patients demonstrate that, although 
the postpartum hypothyroidism may be transient, the 
thyroid dysfunction often occurs in the context of 
chronic thyroid disease. Although it is unclear whether 
thyroiditis was present before gestation or occurred de 
novo post partum, all of our patients have evidence of 
persistent thyroid disease. Patient 5 had apparent 
Graves’ hyperthyroidism and ophthalmopathy, with an 
elevated radioiodine uptake, 2% years before post- 
partum hypothyroidism. Although Patient 1 developed 
a goiter during pregnancy, the other patients had no 
evident thyroid disease before delivery. Nevertheless, 
all our patients, except Patient 5, have evidence of 


chronically altered thyroid function, with residual goi- 


ter, compensated hypothyroidism, and/or frank hypo- 
thyroidism. Two of our patients have family histories 
of autoimmune disease, thus suggésting a genetic fac- 
tor. Nevertheless, none of our patients has evidence of 
the HLA allele A-1/B-8 (data not shown). This has 
been associated with a variety of autoimmune disor- 
ders, including Graves’ disease and idiopathic hypothy- 
roidism, but has generally not been associated with 


Hashimoto’s disease.’ Thus, there is some evidence that . 


our patients are genetically most like others with thy- 
roiditus. In this regard, Patient 3 is especially interest- 
ing, since not only does she have a positive family his- 
tory and possible systemic lupus erythematosus, but she 
also lacked all manifestations of thyroid dysfunction in 
the only postpartum period during which she was 
treated with prednisone. 

Although the long-term course is presently un- 
known, Patients 3 and 4 may be at risk for recurrence 
of a similar syndrome either with or without interven- 
ing pregnancy. These patients demonstrate the futility, 
in many cases, of attempts to rigidly classify the types of 
thyroiditis. In the past, our patients might have been 
labeled as having subacute,® chronic,’ “painless”? lym- 
phocytic, or “silent” thyroiditis. Yet their disease ap- 
pears to be a portion of the broad spectrum of au- 
toimmune thyroid dysfunction. 

Fine-needle aspiration cytology revealed lympho- 
cytes and histiocytes in all four of our patients in whom 
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biopsies were performed. Three patients also had 
germinal center cells (Fig. 2). No biopsy specimen 
showed multinucleated giant cells or many polymor- 
phonuclear leukocytes. These cytologic findings are 
consistent with those in patients who had surgically 
proved lymphocytic thyroiditis.’® In the context of our 
patients’ nigh titer of antithyroid antibodies that corre- 
lated with the degree of thyroid dysfunction, this 
pathologic evidence suggests that postpartum thy- 
roiditis is an autoimmune disorder. However, we rec- 
ogn:ze that these cytologic findings could be associated 
with a variety of pathogenetic mechanisms. 

We treated two of our patients with a 1-week course 
of prednisone before instituting suppressive therapy 
with thyroxine.’ The rapid reduction in the size of their 
goiters was another indication of the autoimmune na- 
ture of their thyroid disease. Nevertheless, we used 
precnisone to reduce the size of the goiter only before 
thyroxine therapy and for only 1 week. We have not 
seen any serious side effects with such brief therapy. In 
Patient 3, prednisone was given for many months by 
other physicians solely for the therapy of presumed 
systemic lupus erythematosus. We believe that the pro- 
longed use of potentially hazardous glucocorticoids is 
contraindicated in the treatment of chronic thyroiditis. 

Why does thyroiditis apparently “flare” after deliv- 
ery? Pregnancy is a state of relative immune incompe- 
tence which allows survival of the antigenically dissimi- 
lar fètus. Gestation is associated with a decrease in the 
number and function of circulating T cells,’! as well as 
depressed neutrophil chemotaxis and phagocytosis.” 
These effects may be mediated by humoral factors. 
Humoral immunity is likewise altered during preg- 
nancy, with lowered levels of IgA and IgG." 

Perhaps because of these alterations in immune 
function, autoimmune diseases, including rheumatoid 
arthritis, systemic lupus erythematosus, and idiopathic 
thrombocytopenic purpura,’* may improve early in 
pregnancy and frequently worsen after delivery. 
Women with preexisting Graves’ disease or autoim- 
mune thyroiditis often have a dramatic fall in an- 
tithyroid antibody titers during the second half of ges- 
tation, which then return to the previously high levels 
after deliverv'®; more than half of these patients have a 
transient postpartum “rebound” to titers higher than 
those before pregnancy. This characteristically occurs 3 
to 4 months after delivery and can occur after abortion, 
as well.” 15 

The patients reported on here demonstrate this au- 
toimmune “flare” phenomenon, with a temporal rela- 
tionship of the thyroiditis to pregnancy, thus suggest- 
ing that subtle alterations in immune function may be 
pathogenic in lymphocytic thyroiditis. In this context, 
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the roles of environmental factors in inciting or pro- 
moting autoimmune thyroiditis are unclear. 

We are likewise uncertain why postpartum thy- 
roiditis has been recognized only recently, although the 
symptoms and signs of it are subtle and may be fleeting, 
so that the syndrome may have been overlooked. How- 
ever, It is more likely that the prevalence of thyroiditis 
is increasing, especially that which is accompanied by 
hyperthyroidism. Lymphocytic thyroiditis with spon- 
taneously resolving hyperthyroidism dramatically in- 
creased between 1970 and 1976 at one clinic, and now 
accounts for almost one quarter of all hyperthyroidism 
seen there.'® 

The incidence of postpartum thyroiditis is unknown, 
since the clinical manifestations of it occur at a time 
when few women are under active medical surveil- 


lance, and the symptoms of hypothyroidism could be 


easily dismissed, especially in the context of childbear- 
ing. Likewise, the apparent transience of symptoms 
may result in affected women not seeking care. There- 
fore, the clinician must pay careful attention to women 
with goiters that appear during pregnancy or after de- 
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livery, and anyone with a history of thyroid dysfunction 
before pregnancy must be closely followed. We suspect 
that this entity is commonly overlooked by patients and 
physicians, and may be a significant cause of morbidity 
in the reproductive years. 


We wish to thank Dr. Elizabeth Chu for her kind 
assistance in the pathologic diagnosis of aspiration 
biopsy specimens, and for Fig. 2. 


Addendum 


Patient 3 recently gave birth to her fourth child. She 
was euthyroid, with moderately elevated TSH levels, 
throughout the pregnancy. At 6 weeks post partum, 
there was no change in the small goiter, but the serum 
thyroid hormones were elevated. She thus appears to 
have another recurrence of postpartum thyroiditis. 
We have also encountered two additional cases of 
biopsy-proved postpartum lymphocytic thyroiditis. 
Both women were euthyroid through pregnancy, de- 
veloped high serum thyroid hormone levels at 6 and 12 
weeks post partum, respectively, and have become. 
euthyroid within 6 more weeks. 
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| may be only 
half the problem. 


te and reaction to 
pain make up the other very 
important half. And Synalgos-DC 
is the analgesic that treats both 
halves of the pain problem: 
Promethazine helps relieve ap- 
prehension and reaction to pain, 
while the analgesic components 
help relieve moderate to mod- 
erately severe pain: 

Synalgos-DC contains dihydro- 
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Drocode (dihydrocodeine) bitartrate 16 mg (Warning: 
May be habit-forming), promethazine hydrochloride 6.25 mg, 
aspirin 194.4 mg, phenacetin 162 mg, caffeine 30 mg 


“INDICATIONS: Based on a review of this drug by 
the National Academy of Sciences—National 
Research Council and/or other information, 
FDA has classified the indications as follows: 

“Possibly” effective for the relief of moder- 
ate to moderately severe pain in those situa- 
tions where the physician wishes to add a mild 
sedative effect. 

Final classification of the less-than-effective 
indications requires further investigation. 


CONTRAINDICATIONS: Hypersensitivity to dihydro- 


codeine, promethazine, aspirin, phenacetin. 
WARNINGS: Salicylates should be used with extreme 
caution in the presence of peptic ulcer or coagulation 
abnormalities. 

Drug Dependence: Dihydrocodeine can produce 
drug dependence of the codeine type and therefore 
has the potential of being abused. Psychic depen- 
dence, physical dependence, and tolerance may 
develop upon repeated administration of dihydroco- 


deine, and it should be prescribed and administered 
with the same degree of caution appropriate to the 
use of other oral narcotic-containing medications. 
Like other narcotic-containing medications, dihy- 
drocodeine is subject to the provisions of the Federal 
Controlled Substances Act. 
Usage in Ambulatory Patients: Dihydrocodeine and 
promethazine may impair the mental and/or physi- 
cal abilities required for the performance of poten- 
tially hazardous tasks such as driving a Car or 
operating machinery. The patient using Synalgos-DC 
should be cautioned accordingly 
interactions with Other Central Nervous System 
Depressants: Patients receiving other narcotic anal- 
gesics, general anesthetics, other phenothiazines, 
tranquilizers, sedative-hypnotics, or other CNS 
depressants (including alcohol) concomitantly with 
Synalgos-DC may exhibit an additive CNS depres- 
sion. When such combined therapy is contemplated, 
the dose of one or both agents should be reduced. 
Patients who have demonstrated a hypersensi- 
tivity reaction (eg, blood dyscrasia, jaundice) with a 


codeine, a semisynthetic 
narcotic analgesic related to 
codeine, with multiple actions 
qualitatively similar to codeine. 
© status permits telephone 
prescriptions and authorized 
refills up to 5 times in 6 months 
(unless restricted by state law). 
Dual-action Synalgos-DC 

takes pain off the mind and 

the mind off pain. 


phenothiazine shouid not be re-exposed to any phe- 
nothiazine. including Synalgos-DC, ‘unless in the 
judgment of the physician the potential benefits of 
the treatment outweigh the possible hazards. 

Usage in Pregnancy: Reproduction studies have not 
been performed in animals. There is no adequate 
information on whether this drug may affect fertility 
in human males and females or has a teratogenic 
potential or other adverse effect on the fetus. 

Usage in Children: Since there is no experience in 
children who have received this drug, safety and 
efficacy imchildren have not been established. 
PRECAUTIONS: Phenacetin has been reported to 
damage kidneys when taken in large amounts for a 
long time. 

Promethazine should be administered cautiously 
to patients with cardiovascular or liver disease. 
Synalgos-BC should be given with caution to certain 
patients such as the elderly or debilitated, and those 
with hypathyroidism, Addison's disease, and pros- 
tatic hypertrophy and urethral stricture. 

ADVERSE REACTIONS: The most frequently observed 
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Capsules 


reactions include light-headedness, dizziness, 
drowsiness, sedation, nausea, vomiting, constipa- 
tion, pruritus, skin reactions, and rarely, hypotension. 
DOSAGE AND ADMINISTRATION: Dosage should be 
adjusted according to the severity of the pain and the 
response of the patient. Synalgos-DC is given orally. 
The usual adult dose is two capsules every 4 hours as 
needed for pain. 
DRUG INTERACTIONS: The CNS depressant effects of 
Synalgos-DC may be additive with that of other CNS 
depressants. 

See Warnings. 

Aspirin may enhance the effects of anticoagulants 
and inhibit the uricosuric effects of uricosuric agent“ 


Consult complete product information before 


prescribing. 
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BREAST-FEEDING: A Guide for the 

Medical Profession 

By Ruth A. Lawrence, M.D. 

This long-awaited resource from a well- 

known and respected authority offers new 

perspectives, as well as basic information, 

on how to manage the nursing mother and 

child — from conception through weaning. 

Particularly noteworthy discussions cover: 

e parent-infant bonding — the mother- 
infant interaction in terms of psychology 
and personality differences between 
breast- and bofttle-feeding mothers and 
infants 

e induced lactation and relactation — 
details initial preparation, drug stimula- 
tion, milk Composition, and maternal- 
infant management 

® drugs in breast milk — details factors 
which influence drug passage into milk 
and possible effects on the nursing infant 

1980. 384 pages, 110 illustrations. price, 

$14.95. 


BREAST RECONSTRUCTION FOLLOWING 

MASTECTOMY 

By Nicholas G. Georgiade, M.D., FACS: 

with 8 contributors. 

Turn to this new book for the latest informa- 

tion on this crucial topic. It reflects the expe- 

rience and expertis® of a team of medical 
experts (general surgeons, plastic and 
reconstructive surgeons, psychologists, 
pathologists, and endocrinologists) work- 
ing at the Duke University cancer section. 

You'll find important information on pathol- 

ogy, psychology, timing of reconstruction, 

and surgical execution. Particularly note- 
worthy discussions include: 

e two chapters on psychological consider- 
ations. The first explores the psychologi- 
cal implications of the mastectomy 
experience and the second focuses on 
psychologic complications stemming 
from reconstruction itself 

e a discussion of mammography and the 
diagnosis of breast cancer 

e up-to-the-minute reports on the newest 
surgical approaches to breast recon- 
struction 

1979. 284 pages, 379 illustrations. Price, 

$39.50. 
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4th Edition 

DIAGNOSIS AND MANAGEMENT OF THE 
FETUS AND NEONATE AT RISK: A Guide for 
Team Care 

By S. Gorham Babson, M.D.; Martin L. Per- 
noll, M.D.; Gerda |. Benda, M.D.; with the 
assistance of Katheriné Simpson, R.N. 
1980. 358 pages, 99 illustrations. Price, 
$21.95. 


New 2nd Edition! 

CLINICAL PERINATOLOGY 

Edited by Silvio Aladjem, M.D.; Audrey K. 
Brown, M.D.; and Claude Sureau, M.D.; with 
45 contributors. 

1980. 638 pages, 286 illustrations and two 
full color plates. Price, $49.50. 
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NEW! 

OBSTETRICAL PRACTICE 

Edited by Silvio Aladjem, M.D.; with 50 
contributors. , 
August, 1980. 864 pages, 415 illustrations. 
Price, $39.50. 


NEW! 

EMERGENCY TRANSFER OF THE HIGH-RISK 
NEONATE 

A Working Manual for Medical, Nursing, 
and Administrative Personnel 

By Angelo Ferrara, M.D., Ph.D. and Anan- 
tham Harin, M.D. 

1980. 366 pages, 82 illustrations. Price, 
$22.50. 
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New 3rd Edition! 

MANAGEMENT OF JUVENILE DIABETES 
MELLITUS 

By Howard S. Traisman, M.D.; with 24 
contributors. 


April, 1980. 368 pages, 109 illustrations. 


Price, $39.50. 


NEW! 

DIABETES: Reach for Health and Freedom 
Edited by Dorothea F. Sims. 

pa 1980. 144 pages, 43 illustrations. Price, 
5.95. 


NEW! 
CLINICAL GYNECOLOGIC ONCOLOGY 

By Philip J. DiSaia, M.D. and William T. Creas- 
man, M.D. 

October, 1980. Approx. 464 pages, 178 eee y 
trations. Price, S29; 50. 


AET 
U rend ge aia 1 et 


SG8G GHB neneeeeeedoo 









MICROSURGERY 


MICROSURGERY PRACTICE MANUAL 

By Robert D. Acland; M.D., F.R.C.S. 

1980. 122 pages, 117 illustrations. Price 
$13.50. 


New 4th Edition! 

ANESTHESIA FOR INFANTS AND CHILDREN 
By Robert M. Smith, M.D., F.F.A.R.C.S. Ireland 
(Hon.); with 7 contributors. 

1980. 710 pages, 308 illustrations. Price, 
245.00. 


To order your 30-day on-approval copies, 
CALL FREE! 800-325-4177, ext. 10 AMS275. 
In Missouri, call collect (314) 872-8370, 
ext. 10 AMS275 for MasterCard, VISA, or 
C.O.D. orders during regular business 
hours. 

Bas prices subject to change. 

1 Add sales tax if applicable. 
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sone, 10 mg four times a day for 1 week, was given to 
shrink the thyroid.’ This resulted in a 30% decrease in 
the size of the goiter. Admihistration of L-thyroxine, 
0.2 mg daily, was then begun. Symptoms resolved 
within 3 weeks, and by 10 months post partum, the 
thyroid was barely palpable. Aspiration biopsy at that 
time revealed many lymphocytes, histiocytes, and oc- 
casional germinal center cells; a diagnosis of lympho- 
cytic thyroiditis was made. Therapy was then changed 
to L-triiodothyronine, 25 wg three times a day, which 
was discontinued 1] months post partum. The patient 
continued to feel well, and within 1 more month the 
thyroid function tests were normal. The TSH response 
_ to thyrotropin-releasing hormone (TRH) was also nor- 
= mal, rising from a basal 3.9 wU/ml to 25.4 U/ml at 30 
minutes. The thyroid was moderately firm and slightly 
larger than normal. The patient has remained euthy- 
roid for 6 months, but the small goiter persists. Family 
history includes rheumatoid arthritis in the patient's 
mother, but no endocrine disease. The infant has 
grown and developed normally, without thyroid dys- 
function. 

Case 3. A 29-year-old white woman gave birth in 
September, 1972, after her first pregnancy. She had no 
known signs or symptoms of thyroid disease until 3 
months post partum, when she became fatigued and 
noticed a visible, painless goiter. One month later, thy- 
_roid function tests showed: Ty, 1.5 wg/dl (normal 4.5 to 
10.7) and TRU, 24%. Twenty-four-hour ''I uptake 
was 21%, with a homogeneous, moderately enlarged 
thyroid on scan. Treatment was begun with L-thy- 
roxine, 0.1 mg daily. The patient discontinued this 2 
months later, without any further fatigue, and the goi- 
ter disappeared within 6 months without therapy. In 
October, 1974, she had visual and auditory hallucina- 
tions and arthralgias, but no rash or fever. Testing for 
antinuclear antibody was positive. The diagnosis of sys- 
temic lupus erythematosus was made, and prednisone, 


20 mg daily, was begun, with prompt resolution of 







fe symptoms. She gave birth again in February, 1976, re- 
maining on prednisone throughout her pregnancy and 
< postpartum period in doses of 20 to 60 mg daily. She 
had no clinical thyroid dysfunction, and no thyroid 
_ function tests were performed during or after this 
-> pregnancy. In September, 1976, she was referred to 
the NIH, where an extensive serologic examination was 
negative for systemic lupus. The prednisone was ta- 
pered and discontinued in June, 1977, without compli- 
cations. 

The patient gave birth again in May, 1978. Six weeks 
post partum, she noticed trembling, headache, insom- 
nia, and increased appetite. She had no neck pain. 
Thyroid hormones were elevated (Ta, 15ug/dl; TRU, 

37%), and 24-hour ™'T uptake was 6%. The symptoms 
cleared within 3 weeks, only to be followed 2 months 
ater by clinical and chemical hypothyroidism: T4, 4.3 
igidi; TSH, 40 U/ml (Fig. 4). Elevated antimi- 
crosomal antibodies were found, and 1-thyroxine, 50 
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Fig. 5. Thyroid function tests and antibody levels after the 
second delivery in Case 4. Legend as in Fig. 1. The patient is 
currently pregnant, as indicated by the stippled areas. 


pg daily, was begun. Aspiration biopsy in January, 
1979, revealed lymphocytes, histiocytes, plasma cells, 
and germinal center cells; a diagnosis of lymphocytic — 
thyroiditis was made. The thyroxine was then withheld, 
and the patient remained asymptomatic. Since then, | 
she has had a barely palpable, moderately firm thyroid, - 
without nodularity. Thyroid hormones have remained 
normal through 14 months post partum (Ta, 5.2 pg/dl; 
FT,, 1.3 ng/dl; Ty, 165 ng/dl). TSH is 7.9 wU/mi, and 
hyperresponds to TRH (37.2 at 30 minutes). Family — 
history reveals idiopathic hypothyroidism in her mother 
and a brother, but no other endocrine or autoimmune _ 
disease. All children have been euthyroid, and have 
grown and developed normally. 

Case 4. A 26-year-old white woman gave birth to her 
second child in July, 1976. She was well until she 
noticed a goiter, increased weight, and fatigue 6 
months later. There was no previous history of thyroid 
disease. She was hypothyroid (T4, 3.4 g/dl T}, 75 
ng/dł [normal, 80 to 160]; TSH, 62 U/ml), with ele- 
vated antithyroglobulin and antimicrosomal antibody 
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Fig. 6. Thyroid function tests and antibody levels in Case 5 
Legend as in Fig. 1. Propylthiouracil (PTU) was administered 
during the period indicated in the upper panel. Pregnancy 1s 
indicated by the stippled areas; delivery is indicated by the 
arrows. 


titers (Fig. 5). Replacement thyroid hormone was given 
for 242 months, with clinical improvement. Triiodothy- 
ronine was then withheld, and she remained euthyroid 
until March, 1978, when she developed headaches and 
tachycardia, without tremor, diarrhea, anxiety, or neck 
pain. Her thyroid hormone levels were elevated (Ty, 
18.1 g/dl, T;, 240 ng/dl), but the radioiodine uptake 
was 1%. Within 3 weeks, her thyroid hormone levels 
were normal; and after another 3 weeks, she was slug- 
gish, fatigued, and chemically hypothyroid (1, 0.6 
g/dl; FT, 0.2 ng/dl; T;, 70 ng/dl; TSH, greater than 
100 U/ml). Radiotodine uptake was then 11%, and 
scanning revealed an irregular thyroid without focal 
defects. During this period of hypothyroidism, her an- 
tibody titer rose substantially. A fine-needle aspiration 
biopsy at that time revealed many lymphocytes and 
histiocytes; a diagnosis of lymphocytic thyroiditis was 
made. After 1 week of prednisone, the goiter de- 
creased in size by 40%, coincident with a fall in TSH to 
32 «U/ml and a rise in thyroid hormones (T,, 3.4 

agidi; FT4, 0.9 ng/dl; T}, 141 ng/dl). L-Thyroxine re- 
placement was begun after she continued to be hypo- 
thyroid for 6 weeks. Four months after starting thyrox- 
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ine replacement, she became pregnant and her antibody 
titers fell. She is currently being followed on thyroxine 
replacement through an otherwise uncomplicated 
pregnancy. Both of her children have grown and devel- 
oped normally, without thyroid dysfunction. There is 
no family history of endocrine or autoimmune disease. 
Case 5. A 34-year-old white woman presented in Oc- 
tober, 1974, with typical signs and symptoms of thy- 
rotoxicosis. Her thyroid gland was diffusely enlarged 
to twice normal size, and she had periorbital edema 
without exophthalmos, ophthalmoplegia, or pretibial 
myxedema. Radioiodine uptake was 72% at 24 hours. 
T, was 14.4 ug/di (normal, 4.6 to 10.7); FT, was 2.9 
ngdl; T; was 389 ng/dl (normal, 60 to 190); and TSH 
was 3.1 U/ml (normal, less than 10) (Fig. 6). She was 
treated with propylthiouracil, and good control was 
rapidly established. Use of the drug was discontinued 
after 10 months. She then remained euthyroid despite 
the presence of a goiter, diffusely enlarged to 144 umes 
normal. Her periorbital edema gradually cleared dur- 
ing this time. She became pregnant approximately 6 
months after discontinuing the propylthiouracil and 
was euthyroid clinically and chemically during the 
pregnancy. She continued to be well until 6 months 
after delivery, when she complained of a gain in 
weight, puffiness of the face, fatigue, and lethargy. Her 
thyroid gland had increased to twice normal size. She 
was hypothyroid; Ty, 1.4 ugidl; FT, 0.3 ng/dl; T}, 88 
ng/dl; and TSH, 56 uU/ml. Her antimicrosomal an- 
tibodies became positive. She refused aspiration biopsy 
but agreed to be followed without replacement ther- 
apy, and within 3 to 4 months, her basal thyroid func- 
tion tests were normal, with no goiter. She was 
euthyroid for 8 months before becoming pregnant 
again, and has been euthyroid without goiter through 
the first trimester. There is no family history of endo- 
crine or autoimmune disease. The infant has grown 
and developed normally, without thyroid dysfunction. 


Comment 

Postpartum thyroiditis vee been recognized as a dis- 
tinct entity in recent years.*~* The first description was 
from Japan, reported oy Amino and colleagues,” who 
described 25 episodes of postpartum hypothyroidism 
in 23 patients, only three of whom were permanently 
hypothyroid. All, patients studied had elevated an- 
uthyroid antibodies, and the single patient in whom 
biopsy was performed had lymphocytic thyroiditis. 
Fourteen patients had no history of thyroid disease be- 
fore pregnancy, and although the authors ascribed the 
syndrome to autoimmune thyroiditis, they stressed the 
transient hypothyroidism. Ginsberg and Walfish® re- 
ported on five patients in Canada who had transient 
thyrotoxicosis and painless goiter that occurred 1 to 6 
months after delivery. All but one patient had low !] 
uptake while hyperthyroid, and three women sub- 
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sequently became hypothyroid, one permanently. In 
two patients the aspiration biopsy findings were inter- 
preted as “consistent with cAronic thyroiditis,” and a 
third patient had elevated antithyroid antibodies. The 
authors concluded that their patients probably had 
subacute thyroiditis. Hoffbrand and Webb‘ reported 
or three patients in England who had postpartum goi- 
ter and hypothyroidism. At the ume of thyroid dys- 
function, all of them had elevated antithyroid an- 
tibodies: these resolved within 14 months of delivery, 
as did the goiter and the hypothyroidism. 

Our American patients demonstrate that, although 
the postpartum hypothyroidism may be transient, the 
thyroid dysfunction often occurs in the context of 
` chronic thyroid disease. Although it is unclear whether 
thyroiditis was present before gestation or occurred de 
novo post partum, all of our patients have evidence of 
persistent thyroid disease. Patient 5 had apparent 
Graves’ hyperthyroidism and ophthalmopathy, with an 
elevated radioiodine uptake, 2% years before post- 
partum hypothyroidism. Although Patient 1 developed 
a goiter during pregnancy, the other patients had no 
evident thyroid disease before delivery. Nevertheless, 
all our patients, except Patient 5, have evidence of 
chronically altered thyroid function, with residual goi- 
ter, compensated hypothyroidism, and/or frank hypo- 
thyroidism. Two of our patients have family histories 
of autoimmune disease, thus suggesting a genetic fac- 
tor. Nevertheless, none of our patients has evidence of 
the HLA allele A-1/B-8 (data not shown). This has 
been associated with a variety of autoimmune disor- 
ders, including Graves’ disease and idiopathic hypothy- 
roidism, but has generally not been associated with 
Hashimoto's disease.® Thus, there is some evidence that 
our patients are genetically most like others with thy- 
roiditis. In this regard, Patient 3 is especially interest- 
_ ing, since not only does she have a positive family his- 
~ tory and possible systemic lupus erythematosus, but she 
also lacked all manifestations of thyroid dysfunction in 
the only postpartum period during which she was 
treated with prednisone. 

Although the long-term course is presently un- 
known, Patients 3 and 4 may be at risk for recurrence 
of a similar syndrome either with or without interven- 
ing pregnancy. These patients demonstrate the futility, 
in many cases, of attempts to rigidly classify the types of 
thyroiditis. In the past, our patients might have been 
labeled as having subacute,* chronic,’ “painless” lym- 
phocytic, or “silent” thyroiditis. Yet their disease ap- 
pears to be a portion of the broad spectrum of au- 


~~ tommune thyroid dysfunction. 


¿= Fine-needle aspiration cytology revealed lympho- 
-cytes and histiocytes in all four of our patients in whom 
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biopsies were performed. Three patients also had 
germinal center cells (Fig. 2). No biopsy specimen 
showed multinucleated giant cells or many polymor- 
phonuclear leukocytes. These cytologic findings are 
consistent with those in patients who had surgically 
proved lymphocytic thyroiditis.” In the context of our 
patients’ high titer of antithyroid antibodies that corre- 
lated with the degree of thyroid dysfunction, this 
pathologic evidence suggests that postpartum thy- 
roiditis is an autoimmune disorder. However, we rec- . 
ognize that these cytologic findings could be associated 
with a variety of pathogenetic mechanisms. 

We treated two of our patients with a l-week course 
of prednisone before instituting suppressive therapy 
with thyroxine.’ The rapid reduction in the size of their 
goiters was another indication of the autoimmune na- 
ture of their thyroid disease. Nevertheless, we used 
prednisone to reduce the size of the goiter only before 
thyroxine therapy and for only 1 week. We have not 
seen any serious side effects with such brief therapy. In 
Patient 3, prednisone was given for many months by 
other physicians solely for the therapy of presumed 
systemic lupus erythematosus. We believe that the pro- 
longed use of potentially hazardous glucocorticoids is 
contraindicated in the treatment of chronic thyroiditis. 

Why does thyroiditis apparently “flare” after deliv- 
ery? Pregnancy is a state of relative immune incompe- 
tence which allows survival of the antigenically dissimt- 
lar fetus. Gestation is associated with a decrease in the 
number and function of circulating T cells,'’ as well as 
depressed neutrophil chemotaxis and phagocytosis." 
These effects may be mediated by humoral factors.” 
Humoral immunity is likewise altered during preg- 
nancy, with lowered levels of IgA and IgG." 

Perhaps because of these alterations in immune 
function, autoimmune diseases, including rheumatoid. 
arthritis, systemic lupus erythematosus, and idiopathic: 
thrombocytopenic purpura, may improve early in 
pregnancy and frequently worsen after delivery. 
Women with preexisting Graves’ disease or autoim- 
mune thyroiditis often have a dramatic fall in an- 
tithyroid antibody titers during the second half of ges- 
tation, which then return to the previously high levels 
after delivery'®; more than half of these patients have a 
transient postpartum “rebound” to titers higher than 
those before pregnancy. This characteristically occurs 3 
to 4months after delivery and can occur after abortion, 
as well.” "° 

The patients reported on here demonstrate this au- 
toimmune “flare” phenomenon, with a temporal rela- 
tionship of the thyroiditis to pregnancy, thus suggest- 


ing that subtle alterations in immune function may be — 


pathogenic in lymphocytic thyroiditis. In this context, 














_ the roles of environmental factors in inciting or pro- 
© moting autoimmune thyroiditis are unclear. 

= We are likewise uncertain why postpartum thy- 
_ roiditis has been recognized only recently, although the 
= symptoms and signs of it are subtle and may be fleeting, 
so that the syndrome may have been overlooked. How- 
` ever, it is more likely that the prevalence of thyroiditis 


is increasing, especially that which is accompanied by 


= hyperthyroidism. Ly mphocytic thyroiditis with spon- 
3 taneously resolving hyperthyroidism dramatically in- 
_ creased between 1970 and 1976 at one clinic, and now 
-accounts for almost one quarter of all hyperthyroidism 
seen there.'® 

The incidence of postpartum thyroiditis is unknown, 
since the clinical manifestations of it occur at a time 
when few women are under active medical surveil- 
lance, and the symptoms of hypothyroidism could be 
easily dismissed, especially in the context of childbear- 
ing. Likewise, the apparent transience of symptoms 
may result in affected women not seeking care. There- 
fore, the clinician must pay careful attention to women 
with goiters that appear during pregnancy or after de- 
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livery, and anyone with a history of thyroid dysfunction 
before pregnancy must be closely followed. We suspect 
that this entity is commofly overlooked by patients and 
physicians, and may be a significant cause of morbidity 
in the reproductive years. 


We wish to thank Dr. Elizabeth Chu for her kind 

(a . - a . oe S N *. r 
assistance in the pathologic diagnosis of aspiration 
biopsy specimens, and for Fig. 2. 


Addendum 


Patient 3 recently gave birth to her fourth child. She 
was euthyroid, with moderately elevated TSH levels, 
throughout the pregnancy. At 6 weeks post partum, 
there was no change in the small goiter, but the serum 
thyroid hormones were elevated. She thus appears to 
have another recurrence of postpartum thyroiditis. 
We have also encountered two additional cases of 
biopsy-proved postpartum lymphocytic thyroiditis. 
Both women were euthyroid through pregnancy, de- 
veloped high serum thyroid hormone levels at 6 and 12 
weeks post partum, respectively, and have become 
euthyroid within 6 more weeks. 
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erately severe pain? 
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Medical Profession 

By Ruth A. Lawrence, M.D. 

This long-awaited resource from a well- 

known and respected authority offers new 

perspectives, as well as basic information, 

į on howto manage the nursing mother and 

:¿ child — from conception through weaning. 

- Particularly noteworthy discussions cover: 

e parent-infant bonding — the mother- 
infant interaction in terms of psychology 
and personality differences between 
breast- and bottle-feeding mothers and 
infants 

- @ induced lactation and relactation — 

details initial preparation, drug stimula- 
tion, milk composition, and maternal- 
infant management 

® drugs in breast milk — details factors 
which influence drug passage into milk 
and possible effects on the nursing infant 

Se 384 pages, 110 illustrations. price, 

14.95. 





BREAST RECONSTRUCTION FOLLOWING 


MASTECTOMY l 
By Nicholas G. Georgiade, M.D., F.A.C.S 
with 8 contributors. 

Turn to this new book for the latest informa 

tion on this crucial topic. It reflects the expe 

rience and expertise of a team of medica 
expers (general surgeons, plastic anc 
reconstructive surgeons, psychologists 
pathologists, and endocrinologists) work 
ing at the Duke University cancer section 

You'll find important information on pathol 

ogy, psychology, timing of reconstruction 

and surgical execution. Particularly note 
worthy discussions include: 

è two chapters on psychological consider 
ations. The first explores the psychologi 
cal implications of the mastectomy 
experience and the second focuses or 
psychologic complications stemming 
from reconstruction itself 

® a discussion of mammography and the 
diagnosis of breast cancer 

® up-to-the-minute reports on the newes' 
surgical approaches to breast recon: 
struction 

1979. 284 pages, 379 illustrations. Price 

$39.50. 
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‘ 980. 358 pages, 99 illustrations. Price, 
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Edited by Silvio Aladjem, M.D.; Audrey K. 
Brown, M.D.; and Claude Sureau, M.D.; with 
45 contributors. 
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FETUS, PLACENTA, 
AND NEWBORN 


differential diagnosis. 


Ultrasound is assuming an essential role in the detection of fetal cranial and spinal anomalies. 
illustrated in this article is the sonographic appearance of cranial abnormalities wherein the 
diagnosis of encephalocele is clear cut because the anatomic defect of the neural tube is visualized. 
Additionally presented is a variety of cranial and craniocervical cystic masses, including 
meningocele, wherein the anatomic defect of the neural tube is not apparent and the diagnosis is 
reached by careful attention to the specific ultrasonic characteristics of each mass. (AM. J. OBSTET. 


GYNECOL. 138:511, 1980.) 


DIAGNOSTIC ULTRA SOUND is s assuming a prominent 
>in the detec tion. of fetal structural abnormalities": se 
status can be attributed to two main factors: 
ie inological advances.in sonographic equipment, in- 


ee < cluding the introduction of dynamic (real-time) i imag- 


- ing, and the acquisition of know ledge pertaining to the 


echographic appearance of structural defects.. How- — 
ever, more time is needed before the sensitivity (pro- 


i portion of affected individuals with a positive test) and 
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the specificity (proportion of unaffected individuals 
with a negative test) of sonar in the diagnosis of con- E 
genital anomalies is established, because the inc idence : 
of birth defects in the gener: al population is low and 
ultrasound (at least i in the United States) i is used only 


upon specific indic: ations. | ae 
= This report pr esents the ultrasonic characteristics 


and the differential diagnosis of a variety of fetal cr ar 
nial and craniocervical masses, in an attempt to im- 


prove the reliability of sonography in this area of in- 


vestigation. 


Material and methods 

The data in this report were deriv ed from 10 preg- 
nant women, In each pregnancy, a a fetal cranial OF 
craniocervical mass was seen REO All fetuses 
were examined by either dynamic or static gray-scale 
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Fig. 1.4, Arrow points to a clear defect in the parietal bone echo. B, Arrow points to the defect in the 
fetus; the dotted line represents the plane which showed the defect on ultrasound. 





Fig. 2. A, Arrow points to the area in which the normal semicircular contour of the parietal bone echo 
is lost. The echo from the fetal head on the right aspect of the arrow shows an abnormal upward 
curvature. B, The dotted lme represents the plane which showed the defect on ultrasound. 


imaging, or both. The case histories and the reasons for 
sonography are presented below. 

The first woman was at high risk of being delivered 
of an infant with a neural tube defect (NTD) because 
her previous baby had Meckel’s syndrome (encephalo- 
cele, eye abnormalities, cleft palate, polydactyly, and 
congenital heart disease). Additionally, the a-fetopro- 
tein (AFP) in amniouc fluid (drawn 7 days earlier) was 
elevated. She was scanned on two occasions, at the 
eighteenth and the twentieth weeks of gestation. The 
second examination clearly revealed a defect in the 
posterior aspect of the fetal skull. Consequently, she 
elected to have the pregnancy terminated. 


The second patient was referred to this Center at 
approximately 36 weeks’ gestation because the bipari- 
etal diameter could not be reliably measured at a local 
hospital. The echogram obtained here showed a large 
cranial bulge and disruption of the normal echopattern 
of the parietal skull complex. The abnormality was also 
confirmed radiologically. The fetus was delivered by 
repeat cesarean section. 

Seven patients were scanned for assessment of gesta- 
tional age or fetal well-being at 16 to 20 weeks’ of ges- 
tation, and in all of them cystic masses adjacent to the 
posterior aspects of the fetal skulls were ultrasonically 
visualized, but no anatomic defects of the neural tube 
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Fig. 3. 4, A large meningocele (M) is seen attached to the fetal cranium (C). No actual defect is 
observed. Notice the very thin wall ($) of the meningocele and the variable configuration. B, Notice 
variable configuration of meningocele (M) and thin wall ($4. 


Table I. Ultrasonic characteristics and differential diagnosis of fetal cranial and craniocervical masses 
with no apparent defect in neural tube 











Ultrasonic characteristics of mass 










No. of Outer Concomitant motion Other feasible 
Differential diagnosis | pregnancies | margin Size and shape with fetal head findings 

Meningocele 2 Thin* Variable Yes — 

Fetal edema 2 Thick Uniform, semicircular, simulates Yes Ascites 
contour of fetal head and neck 

Intrauterine l Thick Uniform, semicircular — Collapse of sutures 

fetal death 

Cystic hygroma 2 Thickt Uniform, circular or near arcular; Yes Pleural or cardiac 
sometimes bilateral with multiple effusion, or both 
septations 

Stunted twin l Thin Circular or oblong No — 


gestational sac 





*<3 mm. 


+Thickness of margin (3 to 5 mm) may not be apparent until 18 to 20 weeks’ gestation, 


were apparent. All the women in this group requested 
to have their pregnancies terminated. 

» The tenth patient was a 37-year-old woman, gravida 
1, with a history of infertility. She was examined ultra- 
sonically in the first trimester of pregnancy, and twin 
gestational sacs and fetuses were observed. However, at 
the sixteenth week of gestation, prior to amniocentesis, 
only one fetus was seen. Additionally, a cystic mass was 
visualized adjacent to the fetal head, but no cranial or 
spinal defect was apparent. The mass was believed to 
be unattached to the fetus because it did not change 
position concomitantly with motion of the fetal head or 
body. Follow-up examinations of the mass showed 
complete resorption by the twenty-sixth week of ges- 
tation. 


Results 


- ‘In the first two fetuses the anatomic NTD was ultra- 
sonically visible and the diagnosis of encephalocele 


made. Interestingly, the NTD was quite small in one 
(Fig. 1) and rather large in the other (Fig. 2). By con- 
trast, in eight fetuses the cranial and craniocervical 
masses were not associated with a visible anatomic de- 
fect of the spine or the skull. Nonetheless, two of those 
fetuses had a meningocele (Fig. 3). The abnormalities 
in the other six patients (Table I) were: edema of the 
fetal head (in two pregnancies) (Figs. 4 and 5), fetal 
death (Fig. 6), unilateral and bilateral cystic hygroma, 
(Figs. 7 and 8), and a stunted twin gestational sac 
(Fig. 9). 


Comment 

A variety of craniocervical masses situated along the 
posterior or posterolateral aspects of fetuses can be vi- 
sualized by ultrasound. These masses may be classified 
into two groups. In the first group, a small or large 
defect in the skull is clearly visible in conjunction with 
the deformity (Figs. 1 and 2) and the diagnosis of a 










514 Sabbagha et al. November 1, 1980 


Am. |. Obstet. Gynecol. 





Fig. 4. A, Arrows pomt to posterior aspect of fetal skull. Marked edema (e) is seen posteriorly and the 
boundary (b) is quite thick. B, Dotted line represents the plane which showed the abnormality on 
ultrasound: notice marked edema of fetal neck. 





Fig. 5. Arrows point to halo surrounding head in a fetus with massive edema. Notice presence of 
ascites (4), particularly in the cross-sectional view of the fetal abdomen (right side of photograph). 





neural tube defect can be readily made. In the second 
group, the defect in the fetal vertebral column or skull 
is either absent or simply too small and thus not ultra- 
sonically visible. The fetal abnormalities that produce 
such cystic masses are listed in Table I. The differential 
diagnosis is based on the following observations. 

Ina meningocele, the outer margin representing the 
thin tissues of the meninges produces a very thin echo 
pattern. Even when a meningocele is covered by skin, 
the overlying integument (possibly because of pressure 
from the meningocele) is quite thin (1 to 2 mm) (Fig. 3). 
Furthermore, a meningocele may vary in shape and 
size because of its fluid content and thin wall (Fig. 3). It 
is important to realize that the anatomic defect in the 


neural tube may not be ultrasonically apparent regard- 
less of the size of the meningocele. Thus, the sonog- 
rapher should not be deterred from diagnosing a 
meningocele in a mass with the echographic pattern of 
that abnormality (Table I) simply because the actual 
defect in the cranium or spine is not visible. 

In fetal edema, the outer margin of the cystic mass 
(consisting of edematous skin) is quite thick and as- 
sumes a uniform semicircular shape, simulating the 
contour of the fetal head and neck, of which it ts a part 
(Fig. 4). Occasionally, when edema is massive and gen- 
eralized, a circular cystic halo is seen surrounding the 
entire fetal head (Fig. 5). In such cases, ascites 1s usually 
evident (Fig. 5). 
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Fig. 6. A, Arrows point to posterior aspect of fetal skull in a patient with intrauterine fetal death; 
notice marked edema fe) and thick boundary (b). B, The upper fetal spine (s) appears as a hollow tube 


and shows no defects. 





Fig. 7.4, A large circular mass representing a hygroma celli (H) is seen. Notice extension to deep 
aspect of fetal neck. The boundary (4) of the mass is quite thick, as in fetal edema and intrauterine 
fetal death. B, Dotted line represents the plane which showed the abnormality. 


it is interesting to note that, after fetal death, echo- 
grams of the fetal head are similar to those seen with 
fetal edema (Fig. 6). The diagnosis of intrauterine fetal 
death, however, is readily made by dynamic imaging of 
the fetal heart. 

In cystic hygroma, the outer margin of the mass ap- 
pears ultrasonically thick (3 to 5 mm) by 18 to 20 weeks’ 
gestation. However, since hygroma involves the deep 
lymphatics situated adjacent to the vertebral column, 


the mass not only protrudes externally but also extends 
well into the fetal neck, thereby producing a well- 
defined circular or nearly circular outline in the 
craniocervical area (Fig. 7). Furthermore, cystic hy- 
groma is sometimes seen bilaterally, and, with proper 
angulation of the transducer, usually shows multiple 
septations representing lymphatic channels (Fig. 8).*** 

It is most difficult to differentiate the echogram of a 
meningocele from that obtained in a twin pregnancy in 
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Fig. 8. Notice bilateral hygromas with thick wall and multiple septations (arrows). The large masses 
are seen in the area of the fetal neck. Fetal trunk (T) and heart (H) are seen on right aspect of 


photograph. 





Fig. 9. A twin pregnancy is shown with one twin eventuating 
ina missed abortion and shown as a small gestational sac (GS); 
arrows point to the thin wall of the sac simulating a menin- 
gocele adjacent to the fetal head of the other twin. See text for 
method of making correct diagnosis. 


which a stunted gestational sac is situated next to the 
head of a normal fetus (Fig. 9). The sonographer 
should consider this rare possibility if a previous scan, 
obtained in the first trimester of pregnancy, showed 
twin gestational sacs. However, the diagnosis can only 
be made by carefully noticing that the cystic mass does 
not exhibit motion in conjunction with that of the fetus. 
Usually, the stunted sac is completely resorbed in the 
latter part of pregnancy. 

On rare occasions, the nature of craniocervical mass- 
es may be difficult to ascertain. For instance, the sono- 
graphic appearance of conjoined twins may be mista- 
ken for a cephalic mass. Additionally, when a fetus is 
in the supine position, ultrasonic examination of the 
vertebral column is not easy, so that the relationship of 
the mass to the spine is not fully appreciated. Some- 
times, the abnormality 1s just not ultrasonically appar- 
ent on the first examination, as in Case No. 1. Thus, the 
pregnant woman who is at high-risk for having a fetus 
with a craniospinal defect or other abnormality (be- 
cause amniotic fluid AFP is high or the history is posi- 
tive”) should be rescanned at weekly or biweekly inter- 
vals, depending on the clinical exigencies. 

In conclusion, we believe that knowledge of the ul- 
trasonic findings which characterize the various forms 
of fetal cranial or craniocervical masses may be helpful 
in allowing the sonographer to make the correct diag- 
nosis. Furthermore, we recommend repeated ultra- 
sonic examinations in those high-risk pregnancies in 
which an abnormality is either not seen or not clearly 
defined by the first study. 


Volume 138 
Number 5 


REFERENCES 


1. Sabbagha, R. E.: Congenital anomalies, in Sabbagha, R. E., 
editor: Ultrasound Applied tg Obstetrics and Gynecology, 
Hagerstown, 1980, Harper and Row. 

2. DeVore, G. R., and Hobbins, J. C.: Diagnosis of structural 
abnormalities in the fetus, Clin. Perinatol. 6:293, 1979. 

3. Adam, A. H., Robinson, H. P., Aust, F., et. al.: Prenatal 
diagnosis of fetal lymphatic system abnormalities by ul- 
‘trasound, J. Clin. Ultrasound 7:361, 1979. 

4. Frigoletto, F. D., Birnholz, J. C., Driscol, S. G., and Fin- 
berg, H. J.: Ultrasound diagnosis of cystic hygroma, Am. J. 
OBSTET. GYNECOL. 136:962, 1980. 


Fetal cranial and craniocervical masses 517 


5. Weiss, R. R., Chatterjee, S., Verma, U., et. al.: Early pre- 
natal diagnosis of unusual gestational abnormalities, De- 
partment of Obstetrics and Gynecology, Nassau County 
Medical Center, East Meadow, New York, presented to the 
American College of Obstetrics and Gynecology, New 
York, 1979. 


6. Goldberg, M. F., and Oakley, G. P.: Interpreting elevated 


amniotic fluid alpha-fetoprotein levels in clinical practice: 
Us2 of the predictive value positive concept, Am. J. 
OESTET. GYNECOL. 134:331, 1979. 


Comparative newborn anthropometric data in 


symmetric versus asymmetric intrauterine ° 


growth retardation 


JAMES P. CRANE, M.D. 
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St. Louis, Missouri 


Autopsy studies have shown that the fetal liver is more severely affected than the brain in 
asymmetric fetal intrauterine growth retardation (IUGR). This “brain-sparing” concept has led to the 
suggestion that ultrasonic measurements of biparietal diameter (BPD) are of limited value in 
detecting IUGR since the BPD is an indirect reflection of head and brain size. This study compares 
the effects of asymmetric and symmetric IUGR on newborn anthropometric measurements, 
including head circumference (HC), birth weight (BW), length (L), and ponderal index (Pl) in 33 
growth-retarded infants divided into two groups, asymmetric (uteroplacental failure) and symmetric 
(maternal smoking, drug exposure, congenital anomalies, intrauterine infection), on’the basis of the . 
etiology of the IUGR. The percentage reduction in size from mean values for the same gestational 
-age was calculated for each parameter. None of the newborn parameters were useful in 
‘distinguishing between infants with asymmetric and those with symmetric IUGR. Particularly 
noteworthy is the fact that the percentage decrease in HC was similar in both groups. Therefore, 
the concept of absolute “brain sparing” in asymmetric IUGR is erroneous, and ultrasonic 
measurements of BPD should be of value in detecting this form of IUGR. (Am. J. OBSTET. 


GYNECOL. 138:518, 1980.) 


AUTOPSY studies» ? in small-for-gestational-age (SGA) 
infants. have revealed two basic patterns of IUGR (in- 
trauterine growth retardation). One of these is desig- 
nated “symmetric” IUGR because all body organs tend 
to be proportionately reduced in size. Etiologic factors 
responsible for symmetric growth retardation include 
intrauterine infections, such as rubella and cytomega- 
lovirus, chromosome abnormatities, other congenital 
anomalies, maternal malnutrition, and smoking. Ultra- 
sonically, the symmetric SGA fetus demonstrates a “re- 
duced growth potential” pattern of biparietal diameter 
(BPD) growth which begins prior to the third trimester. 
Although BPD size increases from one examination to 
the next, absolute values consistently fall below —2 SD 
on the normal growth curve.* $ 

. The other type of IUGR is “asymmetric” in nature, 
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with some body organs more affected than others. For 
example, the fetal liver tends to be disproportionately 
small in comparison to the fetal brain. ? Asymmetric 
growth retardation is due to uteroplacental insuf- 


ficiency and is commonly seen in pregnancies compli- 


cated by chronic hypertension, preeclampsia, and 
advanced diabetes. Ultrasonically, biparietal growth is 
essentially normal in these fetuses until some point in 
the third trimester, when abnormal slowing and even- 
tual total arrest of BPD growth is observed.” * 

Many studies have evaluated the reliability of ultra- 
sonic measurements of BPD in detecting IUGR. Ac- 
curacy rates from as low as 56% to as high as 93% have 
been reported. The reason for the high percentage of 
undetected cases of IUGR in some studies is unclear. 
One common explanation is that in asymmetrically 
growth-retarded fetuses the brain is preferentially 
spared at the expense of the body. Since the biparietal 
diameter is a reflection of head size and, indirectly, 
brain size, abnormal slowing of, or reduction in, BPD 
growth might not always occur in this form of IUGR. 

This “brain sparing” theory is.based upon experi- 
ments in rats, where. ligation of the uterine artery 
that supplied one horn of a bicornuate uterus resulted 
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Fig. 1. Birth weights in 33 newborn infants with symmetric 
and asymmetric growth retardation (plotted on Colorado In- 
trauterine Growth Curve"). UPI: Uteroplacental insuf- 
ficiency. RGP: Reduced growth potential. 


Table I. Parameters of fetoplacental status in 20 
SGA infants with uteroplacental insufficiency 









Parameter 


Abnormal estriol pattern 12 8 67 

Low human placental lactogen 10 10 100 

Antepartum meconium 20 10 50 

Positive contraction stress test 19 i8 95 
+/or late deceleration in labor 

Abnormal placental histologic 8 6 75 
features 


in asymmetric fetal growth retardation in which the 
brain was minimally affected.’ Acute ablation of the 
blood supply to a portion of the placenta has produced 
similar results in monkeys.® However, comparison of 
growth retardation in human fetuses with that in sub- 
human primate models may not be appropriate, since 
the brain.of the rhesus monkey is more advanced in 
maturation and development than that of the human 
fetus. Nevertheless, this “brain sparing” concept has 
become quite popular in the obstetric literature® "1 
and has led many investigators to suggest that ultra- 
sonic cephalometry is of limited value in the detection 


of IUGR. The purpose of this study was to test this — 


hypothesis by examining the effects of symmetric and 
asymmetric IUGR on head circumference as well as 
other anthropometric parameters in newborn infants. 


Material and methods — 

The study population consisted of 33 consecutive 
SGA infants evaluated in the Perinatal Laboratory. 
Twenty of the infants suffered from asymmetric 


. Trisomy 13 
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Table II. Predisposing factors in 20 infants with 
asymmetric IUGR 


| Factor j | No. of cases 


Chronic hypertension 6 
Preeclampsia ll 
Cardiac disease I 
Diabetes l 
Unknown il. 

Total 20 


Table III. Predisposing factors in 13 infants with 
symmetric IUGR 


Factor | No. of cases 


Maternal smoking 

Drug addiction 

Maternal leukemia and chemotherapy during 
pregnancy 

Maternal red cell aplasia with severe anemia 

Congenital cytomegalovirus infection 

Multiple congenital anomalies 


jp 
LD | emt AS pee pee pent pee CTD 


Total 


Table IV. Comparative anthropometric data among 
infan:s with symmetric and those with asymmetric 
IUGR 














Symmetric 
IUGR—I3 
infants (%) 


‘Asymmetric 
IUGR—20 
infants (%) 






Parameter 


Mean % decrease in: 


Birch weight 31 37 

Body length* — 6.8 10.6 ° 

Head circumference 6.3 8.5 
Infants with ponderal index — 54 50 


<10th centile 


*Statistically significant, p < 0.01. 


growth retardation due to uteroplacental insufficiency, 


as confirmed by multiple parameters of placental func- 


tion {Table 1). Complications of pregnancy’ in this 
group are listed in Table II. Thirteen infants were 


_ classified as symmetrically growth retarded on the basis 


of: (1) the existence of factors known to predispose to 
this form of IUGR (Table III), (2) the absence of fetal 
distress during labor, and (3) a “reduced growth po- 
tential” type of biparietal growth pattern on ultra- 
sonography. ` 

Newborn anthropometric measurements, including 
birth weight, body length, and head circumference. 
values, as well as ponderal indices, were obtained on all 
infants and plotted by gestational age on Colorado In- 
trauterine Growth Curves.’ The observed measure- 
ments were compared with mean values for the same 
gesta:ional age, and the percentage difference was cal- 
culated for each parameter. - 


r 
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Fig. 2. Body lengths in 33 newborn infants with symmetric 
and asymmetric growth retardation (plotted on Colorado In- 
trauterine Growth Curve?’). 


Results 


Body weight. All infants in both the symmetric and 
asymmetric groups plotted belew the tenth percentile 
for gestational age (Fig. 1). The effect on body weight 
was not significantly different (p = 0.10) in symmetric 
versus asymmetric IUGR (Takle IV). Among asym- 
metrically growth-retarded infants, body weight was 
reduced by an average of 37% when compared to mean 
values for infants of similar gestational age. The aver- 
age reduction in body weight among symmetrically 
growth-retarded infants was 31%. 

Body length. Fifteen (75%) of the 20 asymmetrically 
growth-retarded newborn infants plotted below the 
tenth percentile for gestational age, and the other 
five fell between the tenth and twenty-fifth percentiles 
(Fig. 2). The average reduction in body length as com- 
pared to AGA infants of similar gestational age was 
10.6% (Table IV). 

Six (46%) of the 13 symmetrically growth-retarded 
infants plotted below the terth percentile (Fig. 2). 
Five fell between the tenth and <wenty-fifth percentiles, 
and two between the twenty-fizth and fiftieth percen- 
tiles. The average reduction in body length compared 
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Fig. 3. Head circumference values in 33 newborn infants with 
symmetric and asymmetric growth retardation (plotted on 
Colorado Intrauterine Growth Curve's). 


to mean values for AGA singletons of similar gesta- 
tional age was 6.8% (Table IV). 

Head circumference. Fifteen (75%) of the 20 asym- 
metrically growth-retarded infants had head circum- - 
ference values at or below the tenth percentile for ges- 
tational age (Fig. 3}. The other five newborn infants 
plotted between the tenth and twenty-fifth percentiles. 
The average reduction in head circumference com- 
pared to mean values for AGA singletons matched for 
gestational age was 8.5%. 

Head circumferences in nine (69%) of the 13 sym- 
metrically growth-retarded newborn infants plotted at 
or below the tenth percentile, and four fell between the 
tenth and twenty-fifth percentiles (Fig. 3). There was 
an average decrease in head circumference of 6.3% 
below mean values for AGA infants of similar gesta- 
tional age. When the symmetric and asymmetric SGA 
groups were compared, the percentage decrease in 
head circumference was not found to be significantly 
different (p = 0.10) (Table IV). 

Ponderal index. Ten (50%) of the 20 asymmetrically 
growth-retarded infants had ponderal indices below 
the tenth percentile for gestational age (Fig. 4). Three 
infants plotted between the tenth and twenty-hfth per- 
centiles, four fell between the twenty-fifth and fiftieth 
percentiles, and three plotted above the fiftieth per- 
centile. : 

Ponderal indices below the tenth percentile for ges- 
tational age were observed in seven (54%) of the 13 
infants with symmetric growth retardation (Fig. 4). Five 
infants were between the tenth and twenty-fifth per- 
centiles, and one plotted at the fiftieth percentile. 
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Comment 


None of the newborn anthropometric parameters 
measured in this study were Useful in distinguishing be- 
tween infants with symmetric and those with asymmet- 
ric IUGR. Approximately equal percentages of infants 
in each group had ponderal indices below the tenth 
percentile for gestational age, and the mean reductions 
in birth weight, body length, and head circumference 
were also similar (Table IV). Particularly noteworthy 1s 
the fact that the percentage decrease in head cir- 
cumference was approximately 8.5% in asymmetrically 
growth-retarded newborn infants. Therefore, the con- 
cept of absolute “brain sparing” in asymmetric IUGR is 
erroneous. This finding is supported by the autopsy 
data of Naeye and co-workers," '* 1 who compared the 
brain weights of symmetric and asymmetric SGA neo- 
nates to those of AGA infants of similar gestational age. 
The mean reduction in brain weight among asymmet- 
ric SGA fetuses who suffered from uteroplacental in- 
sufficiency was 18%. Among symmetrically growth- 
retarded infants with rubella and Down’s syndrome, 
the average decreases in brain weight were 21% and 
19%, respectively. Although the absolute reductions in 
brain weight were similar in both forms of IUGR, other 
body organs did tend to be more severely affected in 
the asymmetric group. For example, asymmetric SGA 
infants demonstrated mean reductions in liver and 
spleen weights of 53% and 57%, respectively, as com- 
pared to only an 18% decrease in brain weight. In con- 
trast, all body organs tended to be proportionately re- 
duced in size in the symmetrically retarded infants. For 
example, among infants with congenital rubella, the 
mean reductions in brain, liver, and spleen weights were 
21%, 23%, and 28%, respectively. Therefore, use of 
the terms “symmetric” and “asymmetric” is justified on 
this basis, but the concept of absolute “brain sparing” in 
asymmetric IUGR is incorrect and misleading. 

Since brain size and head circumference are reduced 
in asymmetric IUGR, ultrasonic measurement of the 
biparietal diameter should be of value in the prenatal 
detection of this form of growth retardation. Indeed, 
the major problem with the use of biparietal mea- 
surements has been “overdiagnosis” znd not “under- 
diagnosis” of IUGR." This is because inadequate 
growth of the head from one examination to the next 
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Fig. 4. Ponderal indices in 33 newborn infants with symmetric 
and asymmetric growth retardation (plotted on Colorado In- 
trauterine Growth Curve’). 


can be related to other factors, such as technical error 
in correctly identifying and measuring the true biparte- 
tal ciameter. Another problem may be related to 
normal biologic variation in cranial morphology. 
The biparietal diameter reflects only one dimension of 
head size, so that less than average biparietal growth 
need not always correlate with IUGR. Various tech- 
niques have been proposed to overcome this problem, 
including ultrasonic measurement of fetal head cir- 
cumference,'® endocranial volume,” and ratio of head 
to abdominal circumference.*" ** The latter technique 
is based upon the fact that the liver is more severely 
affected than the brain in asymmetric IUGR. Conse- 
quently, the abdominal circumference measured at the 
level of the umbilical vein may be disproportionately 
smal: in comparison to fetal head circumference when 
true asymmetric IUGR exists. 

In summary, the average decrease in brain size is 
approximately 18% in asymmetric IUGR. This 1s 
reflected by an average 8.5% decrease in fetal head 
circumference for gestational age. The fetal brain is 
not spared in asymmetric IUGR, and ultrasonic mea- 
surement of.the biparietal diameter can be of value in 
detecting this form of IUGR. 
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Blood anions and electrolytes during ritodrine 


infusion in preterm labor 
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Brussels, Belgium | 


Seven patients with threatened premature labor and six nonpregnant female control subjects were 
studied for 12 to 24 hours during ritodrine infusion in order to re-evaluate the effects of this 
beta-adrenergic tocolytic agent on tlood anions, electrolytes, and acid-base balance. 
Dexamethasone was given intramuscularly in all patients and three contro! sudjects at the beginning 
of ritodrine infusion. Lactate, pyruvate, betahydroxybutyrate, sodium, potassium, chloride, 
bicarbonate, pH, glucose, and insulin levels were measured in blood samples obtained at intervals 
of 2 to 6 hours. While pH remained in the normal range, increases in lactate and pyruvate levels 
and decreases in bicarbonate values resulted in a significant increase in anion gap 4 to 6 hours 
after the beginning of treatment. The blood potassium level fell simultaneously. These effects were 
transient, lasting less than 10 hours, despite continuation of ritodrine infusion and maintenance of 
tocolysis and tachycardia. Although larger increases in the blood glucose level were observed with 
combined therapy in control subjects, dexamethasone had no additional influence on potassium 
concentrations. Monitoring of patients treated by intravenous ritodrine should include routine 
measurements of blood glucose and electrolyte levels in order to detect its potentially harmful 
metabolic side effects for mother and fetus. (AM. J. OBSTET. GYNECOL. 138:523, 1980.) 


EFFECTIVENESS and adverse effects of betasympa- 
thomimetics such as terbutaline, salbutamol, fenoterol, 
and ritodrine, now widely used for inhibition of prema- 
ture labor, have been the subject of extensive reviews in 
recent years.’ In most patients, only cardiovascular side 
effects of these drugs are reported to cause mild dis- 
comfort." However, life-threatening hemodynamic’ 
and metabolic’ disturbances have been occasionally in- 
duced by these agents in pregnant women. 

Metabolic alterations caused by beta-adrenergic 
stimulation have been described mainly in obstetric 
conditicns.® However, amplitude and duration of these 
alterations have not been fully characterized, so that 
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guidelines for detection of potentially harmful compli- 
cations of these drugs, such as hypokalemia or meta- 
bolic acidosis, are not available. In the current study, 
anions, electrolytes, and glucose and insulin levels were 
measured for periods up to 24 hours in pregnant pa- 
tients and female nonpregnant control subjects who 
received a prolonged intravenous infusion of ritodrine, 
in order to delineate the plasma profiles of these blood 
constituents in routine clinical conditions. 


Subjects and methods 


Pregnant patients and normal nonpregnant control 
subjects gave their informed consent for participation 
in this study after full explanation, of its aims and po- 
tential risks. Seven women admitted during the third 
trimester of gestation because of preterm labor and 
treated by intravenous infusion of ritodrine were in- 
vestigated during the first 24-hour period after tocoly- 
tic therapy was begun. None of these patients had 
any other abnormality. Blood samples were obtained 
through an indwelling catheter inserted in a forearm 
vein for measurements of plasma levels of lactate, 
pyruvate, sodium, potassium, chloride, bicarbonate, 
betahydroxybutyrate, and pH. Blood glucose, insulin, 
and pyruvate levels in patients were not considered, 
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Fig. 1. Mean (+SEM) blood glucose values during treatment 
with intravenous ritodrine (six control subjects) with (—-) or 
without (----) intramuscular dexamethasone. The arrow indi- 
cates the beginning of the treatment. 


except for the basal blood glucose value, which was in 
the normal range for all subjects. 

“After a basal blood sample had been collected, rito- 
drine diluted in a 5% dextrose solution was infused by 
a pump at a rate increasing from 50 up to 150 g/min 
until the tocolytic effect was obtained; blood samples 
were drawn at 2, 4, 6, 12, 18, and 24 hours. At O and 12 
hours 12 mg of dexamethasone was injected in- 
tramuscularly in order to accelerate fetal lung matura- 
tion. Intravenous potassium supplements (40 mmoles/ 
500 ml of dextrose solution) were added when the 
plasma potassium value was lower than 3.0 mmoles/L. 

In six nonpregnant members of the medical staff, 
aged 22 to 29, ritodrine diluted in saline solution was 
infused ata constant rate (150 wg/min). Three subjects 
received 12 mg of dexamethasone intramuscularly at 
the beginning of the ritodrine infusion. Blood was 
drawn at 2-hour intervals for 12 hours for determina- 
tion of plasma lactate, pyruvate, sodium, potassium, 
chloride, bicarbonate, pH, glucose, and insulin values. 
Lactate and pyruvate were assayed by the method of 
Henry and associates.° Electrolytes were determined by 
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Table I. Blood values in patients during ritodrine 


infusion (n = 7) l 


Potassium (mmoles/L) 3.5 + 0.1 28+0.1 <0.005 

Bicarbonate (mmoles/L) 19.0 +0.9 13.7408 <0.01 

Lactaté (mmoles/L) 0.8 + 0.1 49+06 <0.001 

Anion gap (mmoles/L) 5.0 + 1.4 8.6 + 0.9 NS 

Betahydroxybutyrate 0.22 + 0.05 0.29+0.09 NS 
(mmoles/L) 


. A: Basal levels (mean + SEM); B: maximal (minimal) values 


observed 2 to 12 hours after ritodrine infusion was begun 
(mean + SEM). NS = Not significant. 


Table II. Blood values in control subjects during 


ritodrine infusion 
A B, B, 
(n = 6) (n = 3) (n = 3) 


Potassium 3.7 + 0.1 2.7+0.1 2.6 + 0.1 
(mmoles/L) 

Bicarbonate 20.8+0.8 198407 15.3 + 0.7 
(mmoles/L) Si 

Lactate (mmoles/L) 1.0 £0.1 46+ 1.1 6.8 + 0.4 


Pyruvate (mmoles‘L) 0.11 + 0.01 0.27 + 0.03 0.53 + 0.01 


Lactate/ pyruvate 89+09 170423 129+0:8 

Anion gap SO w 1,1 7.51.4 106+ 1.9 

. (mmoles/L) 

pH 7.38 + 0.01 7.36 + 0.03 7.34 + 0.02 
Glucose (mg/100 ml) 86 + 6 168 + 30* 223 + 20* 
Insulin (U/ml) 123 67 + 32 78 + 28 


A: Basal levels (mean + SEM); B,: maximal (minimal) levels 
observed during ritodrine alone (mean + SEM); B,: maximal 
(minimal) levels observed during ritodrine and dexametha- 
sone (mean + SEM). — 


*B, versus Bz: p < 0.001. 


emission flame photometry; plasma glucose was mea- 
sured on a Beeckman glucose analyzer (glucose oxidase 
method). Insulin was assayed by radioimmunoassay; 
pH was measured on a radiometer M 27 pH meter, 
and betahydroxybutyrate was measured flucrimetri- 
cally. The anion gap was estimated as (Na + K + 
Ca) — (Cl + HCO;:+ protein).” Significance was de- 
termined by means of Student’s t test for paired obser- 
vations; p values of <0.05 were regarded as significant. 


Results 


Serum potassium fell significantly in patients (Table 
I) as well as in normal control subjects (Table JI), with 
minimal values reached in both groups 4 hours after 
the ritodrine infusion was begun. Control subjects not 
receiving a supplement exhibited a return .to nor- 
mokalemia 10 to 12 hours after the treatment was 
started. ; 

All other metabolic effects in the control group were 
clearly observed with ritodrine alone but appeared 
more marked with the combined administration of 
ritodrine and dexamethasone (Table II). However, 
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Fig. 2. Mean (+SEM) plasma bicarbonate and anion gap val- 
ues during treatment with intravenous ritodrine (seven pa- 
tients). The arrow indicates the beginning of the treatment. 


since only three subjects were investigated in each sub- 
group, these differences were not significant, except 
for blood glucose levels, which were markedly higher 
(p < 0.001) in subjects receiving dexamethasone (Fig. 
1). Plasma sodium’ and chloride concentrations {rang- 
ing from 130 to 141 mmoles/L and from 98 to 111 
mmoles/L, respectively) were not affected significantly 
during ritodrine infusion. Plasma bicarbonate concen- 
tration decreased in patients (Table J) and control sub: 
jects (Table IT), with minimal values being observed 12 
and 8 hours, respectively, after the beginning: of treat- 
ment (Fig. 2). 
A significant rise of plasma peut was detected after 
2 hours.of infusion. in patients (0.8 + 0.1 versus 


2.0+ 0.2 mmoles/L, p< 0.02) and control sub- 


jects (1.0 + 0.1 versus 2.5 + 0.2 mmoles/L, p < 0.001), 
while maximal concentrations of lactate (Table I and 
II) occurred:after 6 and 8 hours, respectively (Fig. 3). 

Pyruvate concentrations (Table II), measured only in 
normal control subjects, increased during ritodrine, 
with maximal values observed 8 hours anes treatment 
was begun (Fig. 3). 

The eed gatas ratio (Table I) showed an ab- 
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Fig. 2. Mean (+SEM) plasma lactate and pyruvate values dur- 
ing treatment with intravenous ritodrine (six control subjects). 
Thé arrow indicates the beginning of the treatment. 


rupt increase 2 hours after the ritodrine infusion was 
begua; this increase was maintained subsequently 
above 12 up to 12 hours of infusion. 

In some individuals, an extreme rise in lactate and a 
fall in bicarbonate levels were associated with an anion 
gap zbove 10 mmoles/ L. However, anion gap increase 
reacked significance only in the group of control sub- 
jects as a whole (Fig. 2). A systematic control of pH was 
performed onlv in control subjects; a significant de- 
crease was observed, but the values remained in the 
normal range. Measurements of betahydroxybutyrate 
levels in five, patients did not disclose any effect of 
ritodrine infusion (Table I). | 


Comment 
The most striking metabolic effects in this series (hy- 
perlactacidemia and hypokalemia) were observed in 
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° 
pregnant subjects and nonpregnant control subjects, 
suggesting that pregnancy itself dces not predispose to 
these effects. | 
Hyperlactacidemia has been cescribed in previous 


reports,® but the course of lactate variations in plasma 


during a sustained infusion had not yet been fully 
characterized. The increased production of lactate 
caused by beta-adrenergic stimulation is thought to be 
due to the combination of increased glycogenolysis and 
lipolysis®; beta-adrenergic stimuletion causes enhanced 
glycogenolysis and glycolysis and results in the exag- 
gerated production of lactate and pyruvate. 

On the other hand, accelerated lipolysis provides 
large amounts of free fatty acids,'° which have been 
shown .to. inhibit pyruvate oxidation and to favor 
anaerobic glycolysis and lactate accumulation and to 
increase the lactate/pyruvate ratio. 1! We observed such 
an elevation of the lactate/pyruvate ratio (Fig. 3) but we 
did not measure free fatty acid levels; lipolysis, if pre- 
sent, did not result in a significant elevation of produc- 
tion of ketone bodies since betahydroxybutyrate levels 
remained in the normal range in all subjects (Table I) 
and were not affected by prolonged infusion. The 
variations of these anions (lactate, pyruvate, and be- 


tahydroxybutyrate) in plasma during ritodrine infu-: 


sion suggest that lactate was the major metabolic anion 
responsible for anion gap increase. We were not able to 
detect deviations of the blood pH from the. normal 
range in our series. However, metabolic acidosis has 
been encountered occasionally in otherwise normal 
pregnant women undergoing acute tocolysis; in one 
single case, this acidosis has beer. clearly ascribed to an 
exaggeration of the hyperlactacidemia.” 

Hypokalemia resulting from administration of beta- 
adrenergic agents has been frequently reported in clin- 
ical series.2 This effect has been regarded as a by- 
product of the combined glucose and insulin elevations 
which induce accelerated transfer of potassium into the 
intracellular compartment. We did not observe sig- 
nificant differences in the amplitude of the plasma po- 
tassium drop in normal control subjects, who had mild 
hyperglycemia (168 + 30 mg/dl}, or in control subjects 
receiving dexamethasone, who exhibited much higher 
blood glucose levels (223 + 20 mg/dl). 

Another mechanism for intracellular transfer of po- 
tassium could be found in the ultimate action of beta- 
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adrenergic agents on smooth muscles’: Beta-receptor 
agonists induce relaxation of smooth muscle by stimu- 
lating adenylate cyclase which in turn produces cyclic 
adenosine monophosphate, activation of the Nat/K* 
pump, and net exchange of intracellular Na* for extra- 


‘cellular Kt. The increased gradient for Na* across the 


cell membrane accelerates the rate of Na*/ Catt ex- 
change, resulting in increased Cat* efflux from the 
cytoplasm and finally changes in intracellular Ca** dis- 
tribution, which decreases the muscle contractibility. A 
byproduct of these movements of cations across the cell 
membrane could be a net flux of potassium from the 
extracellular to the intracellular compartment, with 
significant hypokalemia. 

The return to normal of most metabolic disturbances 
induced by ritodrine could be related to the selective 
desensitization of beta-adrenergic receptors, which has 
been characterized in various systems in vitro and in 
vivo. '® The decrease in the number of binding sites for 
beta-adrenergic agonists observed after exposure to 
isoproterenol probably results in loss of cell respon- 
siveness. The maintenance of tachycardia and tocolysis 
for days in pregnant women given betamimetics while 
metabolic effects, even for submaximal doses, are 
transient in terms of hours could reflect differential 
desensitization processes in various target organs, with 
liver and skeletal muscles exhibiting a faster and more 
pronounced loss of beta-adrenergic responsiveness 
than the heart and uterus. | 

Although the number of subjects receiving ritodrine 
alone was small, our data suggest that most metabolic 
disturbances induced by betamimetics, and particularly 
blood glucose variations, are exaggerated when large 
doses of corticosteroids are associated with tocalytics in 
order to foster fetal lung maturation. 

From a clinical point of view, metabolic monitoring 
of all pregnant patients given intensive beta-adrenergic 
therapy for tocolysis should include determinations of 
blood glucose and electrolytes at intervals of 2 to 6 
hours during the first day of betamimetic treatment. i 
Moreover, particular caution must be recommended in 
high-risk patients such as those with diabetes and those 
receiving diuretics. . 


We thank A. Elslander, R. N., for her valuable help 
in this study. 
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Brain uptake of meperidine in the fetal lamb 
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The uptake of meperidine by the brain of the fetal lamb was investigated by determining the 
concentration of meperidine in the fetal brachiocephalic artery and sagittal vein after intravenous 
and intramuscular administration to the mother. A positive arteriovenous gradient across the fetal 
brain existed for 10 minutes after intravenous administration, and for 20 to 25 minutes after 
intramuscular administration, thus indicating the uptake of meperidine by the fetal brain. The peak 
concentration of unbound meperidine in the fetal brain, as estimated from the plasma concentration 
of free meperidine at equilibrium, was three to four times greater after intravenous administration 
than after intramuscular administration. The findings suggest that, during labor, the route of 
administration of meperidine will determine the time course of meperidine in the fetal brain and, 
consequently, the time action of effects seen in the neonate. The lag time required for plasma-brain 
equilibration may explain the lack of correlation between the incidence of neonatal respiratory 
depression and the levels of meperidine in the cord after intramuscular administration. 


(AM. J. OBSTET. GYNECOL. 138:528, 1980.) 


SHORT-TERM administration af meperidine to the 
mother during labor has been reporied to result in an 
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increased incidence of neonatal respiratory depression. 
Furthermore, it appears that the incidence of neonatal 
respiratory depression may be related to the time of 
administration of meperidine during labor. In the most 
comprehensive retrospective study comprising 650 
patients, Shnider and Moya’ reported that, when me- 
peridine was administered intramuscularly within 1 
hour of delivery, the incidence of depressed babies was 
not significantly different from that in the control 
series. However, a significant increase in the incidence 
of depressed babies was observed in the second hour 
after the administration of 50 mg of meperidine and in 
the second and third hours after the administration of 
75 or 100 mg of meperidine. 

Several attempts have failed to demonstrate a corre- 
lation between the incidence of respiratory depression 
and the levels of meperidine in cord blood.?~® Morrison 
and associates” ° attempted to correlate the incidence 
of depression with the levels in cord blood of nor 
meperidine, an N-demethylated metabolite of meper- 
idine. However, since their studies were carried out 
with the use of the nonspecific methyl-orange complex 
method, it is not possible to form any conclusion in 
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Fig. 1. An example of the time course of meperidine in the 
maternal aorta (e—e), fetal brachiocephalic artery (x - x), and 
fetal sagittal vein (o—o) after intravenous administration of 
meperidine (2.5 mg/kg) to the mother. (From Szeto and asso- 
ciates,® by permission of Elsevier/North Holland Biomedical 
Press.) 


regard to the role of this metabolite in respiratory de- 
pression. More recently, Kuhnert and associates,‘ 
by means of a gas chromatography—mass spec- 
trometry method, found no relationship between the 
drug-delivery interval and the concentration of nor- 
meperidine in the umbilical cord. 

Meperidine is a narcotic analgesic which depresses 
respiration by virtue of a direct effect on the brain stem 
respiratory centers. Therefore, one can expect that the 
time course of respiratory depression will be better re- 
lated to the time course of drug concentration in the 
central nervous system rather than in plasma. The 
purpose of this study was to investigate the rate of up- 
take of meperidine by the fetal brain as related to the 
time course of meperidine in fetal plasma. Since such a 
study could not be performed in the human fetus, the 
chronic pregnant ewe model was used. Levels of 
meperidine in the brain were not determined because a 
‘large number of animals would have been necessary 
for the generation of a time curve. The same informa- 
tion was obtained by a determination of the arteriove- 
nous concentration difference of meperidine across the 
fetal brain as a function of time after drug administra- 
tion. Preliminary results of this study were published in 
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Fig. 2. An example of the time course of meperidine in the 
maternal aorta (e-e), fetal brachiocephalic artery (X- x), and 
fetal sagittal vein (o-o) after intramuscular administration of 
meperidine (2.5 mg/kg) to the mother. (From Szeto and asso- 
ciates,* by permission of Elsevier/North Holland Biomedical 
Press.) 


the Froceedings of the 1978 International Narcotic Re- 
search Conference.® The results are discussed here in 
more detail. 


Material and methods 


Animal preparation. Five pregnant ewes of mixed 
breed at 116 to 137 days’ gestation (term is approxi- 
mately 145 days) were used in this study. The surgical 
procedures were performed after the intrathecal ad- 
ministration of 1% lidocaine, which was supplemented 
intermittently with small intravenous doses of pen- 
tobazbital sodium, as necessary. 

W.th the ewe in the left lateral position, a midline 
incision was made in the lower abdomen, and the 
uterus and its contents were delivered outside the ab- 
dominal cavity. A uterine incision was made over the 
fetal cranial vault and through the fetal scalp to expose 
the skull. A polyvinyl catheter was then introduced into 
the transverse sinus via the sagittal sinus, with the 
catheter tip lying 2 to 5 mm beyond the confluence of 
the sinuses. Dental acrylic was used to secure the cathe- 
ter. Another catheter was introduced into the bra- 
chiocephalic artery via the axillary artery. One gram of 
ampicillin was placed into the amniotic cavity and the 
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Table I. Estimated concentration of free unbound 
meperidine in the fetal brain at equilibrium (n = 5) 









Mode of ` Time for A-V 
administration equilibration (min) Corain, eq (ng/ml + SE) 
Intravenous -10 233 + 22.9 
Intramuscular 20-25 68 + 2.1 


From Szeto and associates,’ by permission of Elsevier/North 
Holland Biomedical Press. 


maternal abdominal cavity. Catheters were also placed 
in the maternal aorta and vena cava. All cathe 
ters were tunneled subcutaneously to the maternal 
flank and stored in a pouch. 

Drug studies. A period of recovery from the surgical 
procedures of from 24 to 48 hours was allowed before 
any experiment was conducted. The ewe was allowed 
to stand unrestrained in an experimental cart, and had 
free access to food and water throughout the course of 
the study. After a control period of 30 to 60 minutes, 
samples of blood were collected from mother and 
fetus for the determination of blood gases and pH 
(Radiometer BMS3 Mk2 Blood Micro System). Only 
animals with blood gas values within the normal range 
were included in the study. Meperidine hydrochloride 
was then administered either intravenously or in- 
tramuscularly to the mother at a dose of 2.5 mg/kg. 
Samples of blood were collected from the maternal 
aorta, fetal brachiocephalic artery, and the fetal sagittal 
vein at 0, 2, 5, 10, 15, 20, 30, 45, and 60 minutes after 
administration of the drug. Maternal and fetal blood 
gases were again determined at 60 minutes after ad- 
ministration of the drug. 

Analytical method. The concentration of meper- 
idine in biohuid samples was determined by means 
of a combination of solvent extraction and gas-liquid 
chromatography.’ 


Results 


All animals tolerated this dose of meperidine well, 
with no overt signs of toxicity. Maternal and fetal blood 
gases and pH values at 60 minutes after administration 
of meperidine were not significantly different from the 
predrug values. Of the five fetuses that were studied, 
two were killed in order to confirm the placement of 
the catheters. The other three fetuses were delivered 
vaginally at term and did well postnatally. 

The meperidine plasma decay curves obtained in the 
five animals after an intravenous dose of meperidine 
were very similar. An example of the concentration of 
meperidine in the maternal aorta, fetal brachiocephalic 
artery, and fetal sagittal vein in one animal is shown in 
Fig. 1. In all five animals, maternal plasma levels de- 
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clined in a biexponential fashion, and the mean appar- 
ent half life of the elimination phase was of the order of 
20 minutes. Meperidine was transferred rapidly to the 
fetus, and the peak level in the fetal brachiocephalic 
artery occurred within 2 minutes after administration 
of the drug. The time course of meperidine concentra- 
tion in the feta] brachiocephalic artery was similar to 
that in the maternal aorta. On the other hand, 
meperidine concentration in the fetal sagittal vein 
was initially significantly lower than that in the 
brachiocephalic artery. The level of meperidine in the 
sagittal vein rose rapidly and approached that in the 
brachiocephalic artery between 5 and 10 minutes in the 
five animals. Thereafter, the levels of meperidine in 
the sagittal vein remained slightly higher than those in 
the brachiocephalic artery, and declined at the same 
rate. 

Fig. 2 shows an example of the levels of meperidine 
in the maternal aorta, fetal brachiocephalic artery, and 
sagittal vein after intramuscular administration to the 
mother. Maternal plasma levels rose rapidly and 
peaked between 5 and 10 minutes after administration 
of the drug. Meperidine was detectable in the fetal 
brachiocephalic artery within 5 minutes, and peaked at 
approximately 10 minutes, after administration of the 
drug. Fetal plasma levels remained consistently lower 
than maternal levels at all times. Meperidine was not 
detectable in the sagittal vein until 10 minutes, and did 
not peak until 20 minutes, after administration of the 
drug. Arteriovenous equilibration in the five animals 
took place between 20 and 25 minutes. After arterio- 
venous equilibration, venous levels remained slightly 
higher than arterial levels, and both declined at the 
same rate. The elimination half life of meperidine after 
intramuscular administration was more prolonged 
than that after intravenous administration, which sug- 
gests that the drug was still being absorbed up to 60 
minutes after it had been administered. 


Comment 


As reported here, and observed in previous studies,’® 
meperidine is rapidly transferred from mother to fetus 
after intravenous administration. The high concentra- 
tion of drug in the fetal brachiocephalic artery which 
results from the bolus injection enters the fetal brain 
and can be distributed throughout brain tissue. Initially . 
the concentration of meperidine in the blood enter- 
ing the brain (Erachtocephalic artery) is much greater 
than the concer.tration in the venous outflow from the 
brain (sagittal vein). This large arteriovenous (A-V) dif- 
ference indicates rapid uptake of meperidine by brain 
tissue. As the concentration of meperidine in brain tis- 
sue increases, the clearance of the drug by tne brain 
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decreases. Uptake of the drug by the brain continues 
until a point in time when the concentration of it enter- 
ing the brain equals the coneentration of it emerging 
from the brain, and the clearance by the brain becomes 
zero. This was demonstrated to occur at approximately 
10 minutes in the five animals after intravenous admin- 
istration to the mother (Table I). At this point of A-V 
equilibration, the-concentrations of free unbound drug 
in the brachiocephalic artery, sagittal vein, and 
the brain should ‘be equal." The concentration of 
meperidine in the brain would have reached a peak 
level at this time. Since the binding of meperidine to 
fetal plasma proteins is approximately 28%," the con- 
centration of free meperidine in the fetal brain at equi- 
librium (Corsincea) can be estimated from the free drug 
concentration in plasma at the time of A-V equilibra- 
tion. The fetal arterial and venous plasma level curves 
were extrapolated to the point at which they crossed, 
and the mean plasma level at the time of A-V equili- 
bration was found to be 233 + 22.9 (SE) ng/ml for the 
five animals (Table I). The total amount of meperidine 
that is actually distributed into the fetal brain tissue 
depends on the partition coefficient of meperidine be- 
tween blood and brain tissue. Unfortunately, the per- 
centage binding of meperidine to fetal brain tissue is 
not known at this time. 

When the input process is completed, i.e., after A-V 
equilibration, the clearance of the brain actually be- 
comes negative. As meperidine is being eliminated 
from the other parts of the body, the concentration of 
it entering the circulation to the brain begins to fall. 
The drug partitions back from brain tissue into blood, 
and the concentration in the venous outflow i is higher 
than that in the-inflow blood. The rate at which the 
drug is removed from the brain is ultimately deter- 
mined by the overall rate of its elimination from the 
entire maternal-fetal unit. - 

When the same dose of meperidine is administered 
intramuscularly to the mother, both the rate and extent 
of distribution of the drug to the fetus are decreased in 
comparison to the values with intraver.ous administra- 
tion (Figs. 1 and 2).!° The plasma concentration of 
meperidine in the fetus is significantly lower after 
intramuscular administration than after intravenous 
administration. This may be explained by a sig- 
nificantly smaller concentration gradient ‘across the 
placenta after intramuscular administration. In human 
neonates, Crawford and Rudofsky® measured the 
amount of meperidine and metabolites excreted into 
neonaial urine after intravenous and intramuscular 
administration to the mother, and found that sig- 
nificantly more drug and metabolites were recovered 
_from neonates whose mothers had received meper- 
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Fig. 3. Diagram of a two-compartment open model describing 
the disposition of meperidine in the fetal lamb, where 1 repre- 
sents -he central compartment, and 2 represents the periph- 
eral compartment. k, is the rate of infusion of meperidine, kj. 
and kj; are the rate constants of transfer of meperidine be- 
tween the central compartment and the peripheral compart- 
ment, ky is the rate constant of elimination from the central 
compartment, and key is the rate constant of elimination from 
the peripheral compartment. | | 


idine intravenously. These observations suggest that 
more maternally administered drug is distributed to 
the fetus after intravenous than after intramuscular 
administration. 

The uptake of meperidine by the fetal brain after 
intramuscular administration to the mother is demon- 
strated by the initial A-V difference of meperidine 
across the fetal-brain (see Fig. 2), The initial uptake is 


significantly slower than with intravenous administra- 


tion. This can be explained by the much lower concen- 
tration of meperidine in the brachiocephalic artery 
with intramuscular than with intravenous administra- 
tion. A-V equilibration does not occur until 20 to 25 
minutes after administration of the drug (Table I), 
which suggests that the peak concentration in the brain 
occurs significantly later with intramuscular adminis- 
tration. ‘The concentration of free meperidine in the 
fetal brain at the point of A-V equilibration averages 
68 + 2. 1(SE) ng/ml, which is three to four times lower 
than that achieved with intravenous administration. 
Therefore, i it appears that the extent of exposure of the 
fetal brain to meperidine is also decreased with in- 
tramuscular administration because of the lower con- 
centration of the drug in the brachiocephalic artery 
immediately after administration. l 

It was previously shown that the plasma decay curve 
of meperidine in the pregnant ewe and the fetus after 
intravenous administration was best fit by a biexpo- 
nential equation with a rapid distribution phase and a 
slower elimination phase. 10 In pharmacokinetic terms, 
the disposition of meperidine in the pregnant ewe and 
the fetus can each be described by a two-compartment 
open model, with a central compartment that repre- 
sents the rapidly perfused tissues and a peripheral 
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compartment that represents the more slowly perfused 
tissues (Fig. 3). If one assumes that the peak pharma- 
cologic effect is a function of peak drug level at the site 
of action, then the time of peak effect after administra- 
tion of meperidine should be related to the time of 
peak level of meperidine in the central nervous system. 
Because of the rapid flow of blood to the brain, the 
central nervous system is generally assumed to be part 
of the central compartment. Therefore, it has been cus- 
tomary to relate the time course cf respiratory depres- 
sion to the time course of plasma levels of meperidine. 
The findings of this study, however, clearly demon- 
strate that there is a lag time between peak plasma level 
and peak brain level of meperidine in the fetus. The 
data suggest that the fetal brain should be considered 
to be part of the peripheral compartment and that the 
effect of meperidine on fetal respiration may corre- 
spond more closely to the time course of meperidine in 
the peripheral compartment. Similar observations have 
been reported by Kaiko and associates.!? on the time 
course of effects of morphine in the human. The au- 
thors found that the time of peak changes in respira- 
tion, miosis, analgesia, and mood after administration 
of morphine corresponded -most closely to the time 
course of levels of morphine in cerebrospinal fluid, 
which, in turn, could be shown to approximate the time 
course of morphine in the peripheral compartment. 
This lag time that is necessary for plasma-brain equil- 
ibration may.provide an explanation for the lack of 
correlation between the incidence of neonatal respira- 
tory depression and: the levels of meperidine in the 
cord. If delivery occurs soon acter intramuscular ad- 
ministration of meperidine to the mother, the levels of 
meperidine in the cord may be quite high, yet the levels 
in the brain are still low (see Fig. 2). On the other hand, 
if delivery occurs after plasma-brain equilibration. has 
taken place, the levels of meperidine in the cord may 


REFERENCES 


l. Shnider, S. M., and Moya, F.: Effects of meperidine on 
the newborn infant, AM. J. OBSTET. GYNECOL. 89:1009, 
1964. 

2. Morrison, J. C., Wiser, W. L., Rosser, S. 1., Gayden, J. O., 
Bucovaz, E. T., Whvbrew, W. D., and Fish, S. A.: Metab- 
olites of meperidine related tc fetal depression, AM. J. 
OBSTET. GYNECOL. 115:1132, 1373. 

3. Rothberg, R. M., Rieger, C. H. L., Hill, J. H., Danielson, 
j.. and Matadial, L.: Cord and maternal serum meper- 
idine concentration and clinical status of the infant, Biol. 
Neonate 33:80, 1978. 

4. Apgar, V. A., Burns, J. J., Brodie, B. B., and Papper, 
E. M.: The transmission of meperidine across the human 
placenta, Am J. OBSTET. GYNECOL. 64:1368, 1952. 

5. Crawford, J. S., and Rudofsky, S.: The placental trans- 
mission of pethidine, Br. J. Anaesth. 37:929, 1965. 

6. Morrison, J. C., Whybrew, W. D., Rosser, S. I., Bucovaz, 


November 1, 1980 
Am. J. Obstet. Gynecol. 


appear to be lower than at the earlier times, but the 
concentration of the drug in the brain may be at its 
peak. Furthermore, if thè fetus is delivered when the 
concentration of meperidine in plasma is still declining 
rapidly because of distribution to the tissues, the drug 
will move rapidly out of the brain to maintain equilib- 
rium with the more slowly perfused tissues, such as 
muscle and adipose tissues. In contrast, if delivery oc- 
curs after distribution of the drug to the tissues is 
nearly complete, the concentration of the drug in the 
brain will fall at the same rate as the concentration in 
plasma, and this will be governed primarily by the rate 
of metabolism and renal excretion. 
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Early steps in prostaglandin metabolism in the 


human placenta 


JOSEPH JARABAK, M.D., Pu.D. 
Chicago, Illinois 


e 


The activities of the enzymes catalyzing the early steps in prostaglandin metabolism (the 
nicotinamide adenine dinucleotide [NAD}-linked 15-hydroxyprostaglandin dehydrogenase, the 
nicotinamide adenine dinucleotide phosphate [NADP]-linked 15- -hydroxyprostaglandin 
dehydrogenase, and the 15-ketoprostaglandin A** reductase) were measured in homogenates of 
term placenta. The NAD-linked enzyme possesses the highest activity of the three. The 
NADP-linked enzyme has much lower activity and probably acts physiologically as a . 
9-ketoprostaglandin reductése rather than as a 15-hydroxyprostaglandin dehydrogenase. Placental . 
homogenates contain a low-molecular-weight, heat-stable inhibitor of the NADP-linked enzyme. The 
reaction catalyzed by the 15-ketoprostaglandin A’ reductase is the rate-limiting step. Analysis of the 
activity of these enzymes has shown that there is no significant relationship between them; 
furthermore, whether the placentas are from spontaneous single or twin deliveries, induced 
deliveries, or cesarean sections (in labor or not in labor) does not have a significant effect on the 
activity of the NAD- or NADP-linked dehydrogenases. (AM. J. OBSTET. GYNECOL. 138:534, 1980.) 


FOLLOWING the observation that human placenta is 
an extremely rich source of a nicotinamide adenine 
dinucleotide (NAD)-linked 15-hydroxyprostaglandin 
dehydrogenase,' a systematic study was undertaken of 
the enzymes which catalyze the early steps in prosta- 
glandin metabolism in the human placenta. These 
steps are shown in Fig. 1. The enzymes catalyzing these 
steps have been individually isolated, purified (usually 
to apparent homogeneity), and characterized.27> An 
endogenous inhibitor of one of these enzymes, 
the nicotinamide adenine dinucleotide phosphate 
(NADP)-linked 15-hydroxyprostaglandin dehydrogen- 
ase, also has been identified and partially charac- 
terized.® 

The present study compares the activities of these 
enzymes in individual placentas in order to determine 
which of the early steps of prostaglandin metabolism is 
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rate limiting, to analyze whether there is a relationship 
in a given placenta between the activities of these en- 
zymes or between the activity of the NADP-linked 15- 
hydroxyprostaglandin dehydrogenase and its inhibi- 
tor, and to evaluate whether the activities of these en- 
zymes differ according to the nature of the delivery. 


Material and methods 


The placentas were obtained at term from spontane- 
ous single or twin deliveries, induced deliveries, or ce- 
sarean sections (in labor or not in labor). None of the 
mothers had pre-eclampsia or eclampsia, but several 
required insulin because they were diabetic. All of the 
placentas were chilled immediately after delivery. 
Within 4 hours of delivery the villous tissue had been 
dissected from the membranes, rinsed in cold tap wa- 
ter, and homogenized. Portions of 75 to 110 grams. 
were homogenized at top speed in a Waring Blendor 
with two volumes of buffer containing 5 mM pctassium 
phosphate and 1 mM _ ethylenediaminetetraacetate 
(pH 7.0) The placentas were all used.as the source of 
one or more of the prostaglandin-metabolizing en- 
zymes’ or of the inhibitor of the NADP-linked 15- 
hydroxyprostaglandin dehydrogenase. Depending on 
the enzyme or enzymes to be isolated, 20% glycerol 
(v/v) was present or absent from the homogenization 
buffer. The NAD-linked 15-hydroxyprostaglandin de- 
hydrogenase is quite labile but is stabilized by glycerol. 
Consequently, 20% glycerol'was generally present in 
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Table I. NAD-linked 15-hydroxyprostaglandin dehydrogenase activity in centrifuged placental homogenates* 











Type of delivery and 
number of placentas 






Assay conditions 


l. Phosphate buffer Single, spontaneous (8) 22,500 (£10,600)T 82.5 (+27.8)T 
H 7.0 
PGE, l Twins, spontaneous (1 pair) 7,000 28.6 
10,900 43.5 
Cesarean section, in labor (1) 14,800 . 58.2 
Cesarean section, not in labor (1) 30,000 96.6 
Induced (1) 11,600 36.4 
2. Phosphate buffer Single, spontaneous (20) 20,600 (+ 12,500) 58.6 (+27.9) 
pH 7.0 
PGE, 
3. Phosphate buffer Single, spontaneous (16) 8,640 (+6,020) 22.4 (+14.7) 
H 7.0 
PCE, Cesarean section, in labor (1) 11,900 33.5 
Cesarean section, not in labor (3) 3,530 5.31 
5,210 6.28 
8,720 21.5 
Induced (2) 4,490 14.7 
9,850 37.2 
4. Tris buffer Single, spontaneous, normal (63) 44,490 (+24,600) 137 (+65) 
pH 9.0 Single, spontaneous, diabetic (1) 77,390 226 
PGE, Single, spontaneous, heroin addict (1) 17,030 60.1 
Twins, spontaneous (1 pair) 27,500 104 
42,000 159 
Cesarean section, in labor (5) 21,800 81.6 
27,500 58.5 
28,500 92.5 
39,600 116 
53,100 125 
Cesarean section, not in labor (7) 22,200 74.9 
37,200 113 
40,100 157 
40,100 95.7 
59,900 126 
64,300 218 
69,100 270 > 
Induced (2) 15,500 43.4 
55,100 162 


*The data for this table were obtained from enzyme preparations done in collaboration with Drs. $. Braithwaite and C. West- 
brook and Ms. B. Lin. The buffer used to homogenize the placentas in preparation 3 did not contain glycerol; the other placentas 


were homogenized in a buffer containing 20% glycerol. 
TtThe values of one standard deviation are in parentheses. 


the homogenization buffer if the NAD-linked enzyme 
was to be isolated.” The effect of glycerol on the activity 
of this enzyme is shown in Table I. The 15-ketopros- 
taglandin A™ reductase is stable in the absence of 
glycerol, but 20% glycerol was also present in the 
homogenization buffer used in the isolation of this 
enzyme. The NADP-linked 15-hydroxyprostaglandin 
dehydrogenase and its inhibitor are stable in the absence 
of glycerol, so that glycerol was not added to the 
homogenization buffer used to isolate this enzyme and 
its inhibitor.* 3 After homogenization, the homogenates 
were centrifuged at 10,000 x g for 45 minutes. The 
homogenization and centrifugation were performed at 
0 to 4° C. Assays of the NAD-linked and NADP-linked 


15-hydroxyprostaglandin dehydrogenases,” * the 15- 
ketoprostaglandin A} reductase,” and the inhibitor of 
the NADP-linked enzyme were performed as de- 
scribed previously with the use of dialyzed or un- 
dialyzed centrifuged placental homogenates. One unit 
of enzyme activity is defined as the amount of enzyme 
which oxidizes or reduces 1 umol of cofactor per min- 
ute under the condition of the assay. 


Results 
The first step in the metabolism of prostaglandins 
involves oxidation of the 15-hydroxyl group or oxido- 


redtction at the 9-position. Placental tissue contains 
one NAD-linked!: ? and four or five NADP-linked*® ° 


* 
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Fig. 1. The early steps in the metabolism of PGE, and PGFoq 
in centrifuged placental homogenates. The enzymes catalyz- 
ing the various reactions are abbreviated as follows: 9-keto- 
prostaglandin reductase, 9-KPR: NAD-linked 15-hydroxy- 
prostaglandin dehydrogenase, 15-H PD: 15-ketoprostaglandin 
A! reductase, 15-KPA®R. 


‘15-hydroxyprostaglandin dehydrogenases. The latter 
enzymes also possess 9-ketoprostaglandin reductase 
activity.* ° 

The most active of these dehydrogenases is the 
NAD-linked enzyme. The total activity of this enzyme 
per placenta and the activity per gram of placental tis- 
sue are shown in Table I. Four large-scale enzyme 
preparations, containing 135 placentas and assayed 
under different conditions, are included in the table. 
Prostaglandin-E, is a better substrate for this enzyme 
than PGE,.' This is not apparen: from a comparison of 
preparations 1 and 2 in Table I and may have been 
obscured by the wide variation in the enzyme content 
of individual placentas. The homogenization medium 
(preparation 3) and the pH of the assay buffer (prep- 
aration 4) both have a greater influence on the enzyme 
activity than does whether the assay is performed with 
PGE, or PGE. Although there is considerable variation 
between individual placentas from twins, cesarean sec- 
tions, and induced deliveries, there is no significant dif- 
ference between these placentas and those obtained 
from spontaneous single deliveries in their content of 
the NAD-linked enzyme. ' 

Although PGB probably does not occur naturally, it 
was chosen as a substrate for the NADP-linked 15- 
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Fig. 2. The relationship between the NAD-linked 15- 
hydroxyprostaglandin dehydrogenase, 15-HPD(NAD), and 
the NADP-linked 15-hydroxyprostaglandin dehydrogenase, 
15-HPD(NADP), activities in centrifuged placental homoge- 
nates from spontaneous deliveries (e), induced deliveries(V), 
cesarean sections in labor (A), and cesarean sections not in 
labor (o). The spontaneous deliveries (n = 16) were used to 
derive the regression line (y = 1.77x + 5.17) and the correla- 
tion coefficient (r = 0.378), The value of r was not statistically 
significant (P > 0.1). 


hydroxyprostaglandin dehydrogenase* for several rea- 
sons: it is a much better substrate for this activity than 
any other prostaglandin,® and it is not a substrate for 
the NAD-linked enzyme. Thus it is possible to measure 
the NADP-linked dehydrogenase activity in the pres- 
ence of the NAD-linked dehydrogenase.} The NADP- 
linked activity in 66 placentas is shown in Table II. 
There is no significant difference between placentas 


‘*Disc electrophoresis with histochemical staining has shown 
that centrifuged placental homogenates contain two major 
and two or three minor electrophoretic components with 


' NADP-linked 15-hydroxyprostaglandin dehydrogenase ac- 


tivity. It has not been possible to quantitate the activity of 
these separate components in placental homogenates; conse- 
quently, the term NADP-linked 15-hydroxyprostaglandin de- 
hydrogenase will refer to the total NADP-linked activity that is 
assayed spectrophotometrically. 


*The NAD-linked, unlike the NADP-linked, dehydroge- 
nase does not have a unique substrate. Since both enzymes 
may use NAD as a cofactor, it could be difficult to assay the 
NAD-linked enzyme in the presence of the NADP-linked en- 
zyme. However, that is not the case in centrifuged placental 
homogenates, because the activity of the NAD-linked enzyme 
is more than 7,000 times that of the NADP-linked enzyme 
when PGE, and NAD are used to assay both. 
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Fig. 3. The relationship between the NAD-linked 15-hydroxyprostaglandin dehydrogenase, 15- 
_ HPD(NAD), and the 15-ketoprostaglandin A” reductase, /5-KPA*R, activities in centrifuged placen- 
tal homogenates from 20 spontaneous deliveries. These activities were used to derive the regression 
line (y = 0.28x + 20.5) and the correlation coefficient {r = 0.003). The value of r was not statistically 


significant (P. > 0.1). 






Assay conditions 


Type of delivery and 
number of placentas 


Table II. NADP-linked 15-hydroxyprostaglandin dehydrogenase activity in centrifuged placental homogenates* 





Units 
gm tissue 
(x10) 





Phosphate buffer Single, spontaneous, normal (54) 2,270 (+1110) ' 6.72 (+3.04) 
pH 7.0. Single, spontaneous, diabetes (1) 2,950 7.47 
PGB, ; 
Cesarean section, in labor (3) 876 2.47 
2,710 6.37 
3,200 6.41 
Cesarean section, not in labor, normal (5) 725 1.93 
1,790 5.98 
1,800 4.94 
4,150 9.55 

4,460 l 11.0 
Cesarean section, not in labor, diabetes (1) 2,130 4.83 
Induced (2) 725 2.73 
1,570 l 5.23 


*The data in this table were obtained from enzyme preparations done in collaboration with Dr. J. Korff and Ms. B. Lin. 


from spontaneous deliveries and those from cesarean 
sections in their content of this enzyme (Table II); and 
there is no correlation between the activities of the 
NAD-linked and NADP-linked enzymes in a given pla- 
centa (Fig. 2). . 

The second step in prostaglandin metabolism is the 
reduction of the A’ double bond. In centrifuged pla- 
cental homogenates this reduction is catalyzed by an 
NADH-linked 15-ketoprostaglandin A™ reductase’; 
15-hydroxyprostaglandins are not substrates for this 
enzyme.* The activity of the 15-ketoprostaglandin A 


reductase in 20 placentas is shown in Table III. There 
is no correlation between the activity of this enzyme 
and that of the NAD-linked 15-hydroxyprostaglandin 
dehydrogenase in a given placenta (Fig. 3). The aver- 
age activity of the reductase is about one fiftieth of that 


- of the NAD-linked dehydrogenase. 


Although the reduction of 15-keto-13,14dihydro- 
prostaglandins to 13, 14-dihydroprostaglandins may be 
viewed as analcgous to a reversal of the oxidation of 
prostaglandins to 15-ketoprostaglandins, several stud- 
ies® 7 have suggested that the reduction of 15-keto- 
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Table III. 15-Ketoprostaglandin A reductase activity in centrifuged placental homogenates* 











Assay conditions 





1. Phosphate buffer 
pH 7.0 
15-keto PGE, 


Type of delivery 
and number of placentas 


Single, spontaneous (20) 





Units 
gm tissue 
(x 103) 


406 (+136) 


1.20 (+0.36) 





*The data for this table were obtained from an enzyme preparation done in collaboration with Dr, C. Westbrook. 


Table IV. Substrate specificity of the NAD-linked 
15-hydroxyprostaglandin dehydrogenase* 






Relative 
V max 
(%) 





Substrate 


PGE, 2.55 100 
13,14-dihydro PGE, 16.9 49 
PGE, 2.53 103 
13,14-dihydro PGE, 2.80 77 
PGF za 133 76 
15-keto PGE, , 11.8 123 
15-keto PGE, 12.5 82 
15-keto-13,14-dihydro PGE, &.7 9I 


*All assays were performed at pH 7.0 in a phosphate buf- 
fer! with 1.36 umoles of NAD and variable amounts of the 
15-hydroxyprostaglandins or 0.68 umoles of NADH and 
variable dmounts of the 15-ketoprcstaglandins. 


13,14-dihydroprostaglandins is catalyzed by 15-keto- 


prostaglandin reductases, whereas the oxidation of 
prostaglandins is catalyzed by 15-hydroxyprostaglandin 
dehydrogenases. The rates of oxidation of prostaglan- 
dins and 13, 14-dihydroprostaglandins and of reduction 
of 15-ketoprostaglandins and 15-keto-13, 14-dihydro- 
prostaglandin E, bya homogeneous preparation? of the 
NAD-linked 15-hydroxyprostaglandin dehydrogenase 
are shown in Table IV. As may be seen, the 13, 14-di- 
hydroprostaglandins and 15-keto-13,14-dihydropros- 
taglandin E; are excellent substrates for this enzyme. 
The relative rates of these reactions are the same 
whether centrifuged placental homogenates {not 
shown) or homogeneous NAD-linked 15-hydroxypros- 
taglandin dehydrogenase is used as the source of the en- 
zyme, thus suggesting that most, if not all, of the re- 
duction of 15-keto-13, 14-dihydroprostaglandins which 
occurs in centrifuged placental homogenates is 
catalyzed by the NAD-linked 15-hydroxyprostaglandin 
dehydrogenase. 

A naturally occurring inhibitor of the NADP-linked 
15-hydroxyprostaglandin dehydrogenase has been 
identified in boiled placental homogenates.® The rela- 
tionship between the amount of inhibitor in these boiled 
homogenates and the NADP-linxed activity in unboiled, 
dialyzed homogenates from the same placentas is shown 
in Fig. 4. 


` Comment 


All of the enzymes described in this study are pyridine 
nucleotide linked. When an assay of one of these is 


performed, it is desirable to add prostaglandin and 


pyridine nucleotide to the reaction mixture in sufficient 
concentrations to saturate the enzyme. Although the 
concentration of the reactants and, consequently, the 
enzyme activity are higher than those that are observed 
physiologically, these conditions have been chosen be- 
cause they will yield zero-order enzyme kinetics. Under 
such conditions, the initial reaction velocity will reflect 
the amount of enzyme present. 

The rate of oxidation of prostaglandins to 15- 
ketoprostaglancins is rapid at saturating concentrations 
of prostaglandin and pyridine nucleotide, and the data 
in Table I demonstrate that the capacity of the placenta 
to oxidize pros:aglandins at the 15-position greatly ex- 
ceeds the daily rate of prostaglandin synthesis.* Al- 
though placental homogenates contain two enzymes 
which catalyze the 15-oxidation of prostaglandins, there 
is-‘no apparent relationship between the activities of 
these enzymes ‘Fig. 2), and a comparison of the rate of 
PGE, oxidation by each suggests that the NADP-linked 
15-hydroxyprostaglandin dehydrogenase does not play 
a significant role in the oxidation of PGE, in the pla- 
centa.t Since the NADP-linked enzyme catalyzes the 
conversion of PGE, to PGFs, at six times the rate of 
oxidation of PGE, to 15-keto PGE,,® it may function 
physiologically in the placenta as a 9-ketoprostaglandin 
reductase rather than as a 15-hydroxyprostaglandin 
dehydrogenase. 

A comparison of the enzyme activities given in 
Tables I, III, and IV suggests that the rate-limiting step 


*The data of Hamberg? indicate that the average urinary 
excretion of the major metabolite of PGF,g and PGF2q in- 
creases fourfold to fivefold during pregnancy. If one assumes 
that this reflects anly a change in prostaglandin synthesis, and 


_ that PGE synthesis changes similarly, then, from the data of 


Samuelsson,? one can estimate that 90 to 190 wg of 
PGE, + PGE, and 180 to 305 ug of PGFig + PGFza are syn- 
thesized daily at term in pregnancy. The data in Table I, 
preparation I, indicate that a normal term placenta contains 
enough NAD-linked enzyme to oxidize more than 10.8 gm of 
PGE, or 8.4 gm of PGF2q per day under optimal conditions." 


+See daggered footnote on page 536. 
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in placental prostaglandin metabolism is. catalyzed by 
the 15-ketoprostaglandin A® geductase. The facts that 
the reaction catalyzed by this enzyme is irreversible? 


and that the enzyme is inhibited by NADP and 


NADPH? are consistent with the hypothesis that the 
15-ketoprostaglandin A reductase, rather than the 
NAD-linked 15-hydroxyprostaglandin dehydrogenase, 
regulates the rate of the early steps of prostaglandin 
metabolism in the placenta. If that were the case, T5- 
ketoprostaglandins would be the major prostaglandin 
metabolites of the placenta. Most studies in which 
plasma prostaglandin metabolites have been measure 
during pregnancy have determined only 15-keto- 
13, 14-dihydroprostaglandin levels.!-!? In one study, 
however, plasma levels of 15-keto PGE, were mea- 
sured prior to and during the induction of labor with 
PGE}. ?!3 Prior to the administration of PGE», 15-keto- 
PGE, was “undetectable” (<6 pg/ml). This is sig- 
nificantly lower than the levels of 15-keto-13,14- 
dihydro PGE, in pregnancy.!! If subsequent studies 
confirm this observation, it will remain to be detet- 
mined whether the placental contribution to the pool 
of circulating prostaglandin metabolites is small or 
whether the 15-ketoprostaglandins which have origi- 
nated in the placenta have been rapidly converted to 
15-keto- 13, 14-dihydroprostaglandins by tissues, such 
as the lung,'? in which the 15-ketoprostaglandin A 
reductase is not rate limiting. 

Studies of the 9-ketoprostaglandin reductase activity 
in rabbit kidney su ggest that this enzyme may play a role 
in regulating the renin-angiotensin system. Other 
studies suggest that abnormalities in the levels of 15- 
hydroxyprostaglandin dehydrogenase miay be involved 
in the pathogenesis of spontaneous hypertension in 
rats.'° The observation that boiled placental homoge- 
nates contain a specific inhibitor of the 9-ketopros- 
taglandin reductase and the NADP-linked 15-hy- 
droxyprostaglandin dehydrogenase activities’ * led to 
speculation that this inhibitor might regulate the activ- 
ity of these enzymes and be involved with the renin- 
angiotensin system or the control of blood pressure 
during pregnancy.‘ Although no significant relation- 
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Fig. 4. The relationship between the NADP-linked 15-hy- 
droxyprostaglandin dehydrogenase, 15-HPD(NADP), activ- 
ity in dialyzed centrifuged placental hemogenates and the 
amount of inhibitor of this enzyme in undialyzed centrifuged 
placental homogenates from spontaneous deliveries (e) and a 
cesarean section (o). The spontaneous deliveries (n = 23) 
were used to derive the regression line (y = 0.137x + 1.6) and 
the correlation coefficient (r = 0.236). The value of r was not 
statistically significant (P > 0.1), 


ship was found between the amount of inhibitor and 
the NADP-linked 15-hydroxyprostaglandin dehydro- 
genase activity in 23 placentas (Fig. 4), it should be 
noticed that these placentas were all from nonhyper- 
tensive individuals and that no attempt had been made 
to control the intake of sodium. Thus additional, care- 
fully controlled studies will be necessary before one 
may draw conclusions concerning whether the placen- 
tal inhibitor of the 9-ketoprostaglandin reductase and 
the NADP-linked 15-hydroxyprostaglandin dehydro- 
genase has a significant physiologic role. 
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P. Graff for their assistance in the collection of pla- 
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*Yutopar should be used only in suitable patients 
when clearly indicated. Yutopar is contraindicated 
before the 20th week of gestation. 





. Yutopar'’ 


(ritodrine hydrochloride) - 


The Vital Gift of Time in Preterm Labor in 
Suitable Patients 


A multicenter series of randomized, prospective, double-blind, controlled studies comparing ritodrine 
hydrochloride with either ethanol or placebo in the treatment of idiopathic preterm labor have established 
Yutopar as the first effective tocolytic with generally acceptable side effects available in the U.S.’ Yutopar is 
truly the gift of time. 











Ritodrine Control Significance 

Time in utero 
Mean, days gained 32.6 21.3 p<0.001 
Gestational Age at delivery (weeks) 35.5 34.5 p<0.05 
Time to mature 
Incid f i 

pe eded 11% 20% p<0.05 
Time to be born’ 

= : 

p orbeyond o o ooon 52% 38% p<0.05 
ttaini irt ight 5 

“oe 58% 43% p<0.05 
Incidence of neonatal death 5% 13% p<0.05 


“When steroids were administered concomitantly to mothers to 
hasten fetal lung maturity, maternal pulmonary edema occurred in 
a few cases. (See Warnings.) 


tSee pregnancy statement in Precaution section of prescribing information. 


Vi ga rre i p (Please read the Product Information on 
i the last page before prescribing Yutopar.) 


rhe first product indicated exclusively for the 
nanagement of preterm labor in suitable patients 


clinical Pharmacology 
Uterine effects: 


utopar is a beta-sympathomimetic agent. Its preferential stimulatory effects are on betaz receptors, 
‘hich result in relaxation of uterine muscle. 


F.S., G-I, P-O, 35 Weeks 
PREMATURE CONTRACTIONS 


p RITODRINE STARTED— 50 ug/min ———» 


L 150 ug/min = —————————— 
200 ug/ min — 


250 ug/ min  —————————— 
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Figure 2. Tracing of the intravenous Yutopar infusion effect on uterine activity from a single 
patient in preterm labor at 35 weeks. The tracing records, in 10 minute segments monitored 
by external tocography, uterine activity immediately before and during a 90 minute infusion 
with the Yutopar dose increasing from 50 to 250 ug. per minute. 


From Lauersen et al.’ 
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e Cardiovascular effects: 
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R= ritodrine hydrochloride 
P = placebo 


Pre- 24-48 hours I. V. 5-7 days oral after I.V. 
treatment (200 ug./min.) 10 mg. (q.i.d.) 





Figure 3. The mean maternal pulse pressure and heart rate are shown to increase during intravenous ritodrine treatment and 
there is a slight rise in the mean systolic blood pressure.’ These effects are less marked in the control group and show a tendency 
to subside during oral therapy. 


Based on data from Wesselius- DeCasparis et al.” 


e Metabolic effects: 


As a consequence of its beta- mimetic mechanism of action, ritodrine intravenously has transient metabolic 
effects. These may include elevations of blood glucose,®9 insulin,®9 triglycerides,'° and free fatty acids.'° 
Decreased serum iron and serum potassium have also been found.'° No effects on other electrolytes have 
been reported. 


References: 1. Barden, T.P., Peter, J.B., and Merkatz, I.R.: Ritodrine Hydrochloride: A Betarnimetic Agent for Use in 
Preterm Labor, |. Pharmacology, Clinical History, Administration, Side Effects, and Safety. Obstet. & Gynecol. 56:1-6, 1980. 
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Yutopar 


(ritodrine hydrochloride) 
Dosage and Administration Chart 


Frequent monitoring of maternal uterine contractions, heart rate, and blood pressure, and of fetal heart 
rate is required. The dose of Yutopar should be individually titrated according to response. 


INTRAVENOUS 

Intravenous administration of Yutopar should be supervised by persons having knowledge of the 
pharmacology of the drug and qualified to identify and manage complications of drug administration 
and pregnancy. 


The patient receiving intravenous therapy should be kept in the left lateral recumbent position. 


Solution: dilute 150 mg. ritodrine hydrochloride (3 ampuls) in 500 mi. solution, which yields a final 
concentration of 0.3 mg./ml. (Do not use parenteral Yutopar if the solution is discolored or contains any 
precipitate or particulate matter.) The following solutions may be used for dilution: 


0.9% w/v sodium chloride 10% w/v invert sugar 
5% w/v dextrose Cpd sodium chloride (Ringer's) 
10% w/v Dextran 40 in Hartmann’s 


0.9% w/v sodium chloride 


Method of Administration: a controlled infusion device is recommended to adjust the rate of flow in 
drops per minute. An i.v. microdrip chamber 60 drops/ml. can provide a convenient range of infusion 
rates within the recommended dose for Yutopar. 


Dosage: the usual initial dose is 0.1 mg./minute, to be increased according to results by 0.05 mg./minute 
every 10 minutes until the desired result is obtained. The effective dosage usually lies between 0.15 and 
0.35 mg./minute. The infusion should generally be continued for at least 12 hours after uterine 
contractions cease. 


Dosage equivalents 


(at dilution of 3 ampuls/500 ml. fluid) 
if microdrip chamber (60 drops/ml.) is used 


equals Note: At the recommended dilution and rate of 


administration, the maximum volume of fluid which 
might be administered over 12 hours at the highest 
dose (0.35 mg./min.) will be approximately 840 ml. 
The total amount of i.v. fluids administered and the 
rate of administration should be monitored to avoid 
circulatory fluid overload. 


Recurrence: may be treated with repeated infusions, 
as above 





ORAL 


Maintenance: 1 tablet (10 mg.) approximately 30 minutes before termination of i.v. therapy. For the 
first 24 hours the usual dosage is 1 tablet every 2 hours. Thereafter, the usual dosage is 1 or 2 tablets 
(10 to 20 mg.) every 4 to 6 hours, depending on uterine activity and side effects. Total daily dose should 
not exceed 120 mg. 


(Please read the Product Information on the last page before administering Yutopar.) 
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Yutopar 
(ritodrine hydrochloride) 
the vital gift of time 


CAUTION Federal law prohibits dispensing without prescription 


DESCRIPTION 

Yutopar which contains the betamimetic (beta sympathomimetic amine) rito- 
drine hydrochloride. ıs available in two dosage forms. Yutopar for parenteral 
(intravenous) use is a clear. colorless. sterile. aqueous solution. each milliliter 
contains 10 mg of ritodrine hydrochloride 0 44° (wv) of acetic acid, 0 24% 
(wv) of Sodium hydroxide. 0 1% (wv) of sodium metabisulfite, and 0 29% 
(wv) of sodium chloride in water for injection USP Hydrochloric acid or 
additional sodium hydroxide is used to adjust pH Each Yutopar tablet contains 
10 mg of ritodrine hydrochloride 


Ritodrine hydrochloride is a white, odorless crystalline powder, freely soluble in 
water, with a melting point between 193° and 201°C. The chemical name of 
ritodrine hydrochloride is erythro-p-hydroxy-c-[1-[(p-hydroxyphenethyl) 
amino jethy!] benzyl! alcohol hydrochloride and has the chemical structure 


Oh 
HO CH-CH-NH-CH; =CH; OH 
CH, 


CLINICAL PHARMACOLOGY 

Yutopar (ritodrine hydrochloride) is a beta-receptor agonist. which has been 
shown by /n vitro and ın vivo pharmacologic studies in animals to exert a 
preferential effect on the B2 adrenergic receptors such as those in the uterine 
smooth muscle Stimulation of the G2 receptors inhibits contractility of the 
uterine smooth muscle 


In humans. intravenous infusions of 0 05 to 0 30 mg. min or single oral doses 
of 10 to 20 mq decreased the intensity and frequency of uterine contractions 

These effects were antagonized by beta-blocking compounds Intravenous 
administration induced an immediate dose-related elevation of heart rate with 
maximum mean increases between 19 and 40 beats per minute Widening of the 
pulse pressure was also observed. the average increase in systolic blood 
pressure was 40 mm Hg. and the average decrease in diastolic pressure was 
12 3mm Hg With oral intake. the increase in heart rate was mild and delayed 


During intravenous infusion in humans, transient elevations of blood glucose 
insulin, and free fatty acids have been observed Decreased serum potassium 
has also been found. but effects on other electrolytes have not been reported 


Serum kinetics in humans (non-pregnant females) of an intravenous infusion of 
60 minutes duration were determined by measuring serum ritodrine levels by a 
radioimmunoassay technique Three half-lives were calculated the first of 6 to 9 
minutes dominated the ascending phase of the serum drug-level curve: the 
second phase of 1 7 to 2 6 hours dominated the descending curve: and finally, a 
third phase, with a half-life of more than 10 hours, was discernible In a study of 
serum kinetics after oral ingestion (male subjects). the decline of serum drug 
levels could be described in terms of a two-phase decay with an initial half-life of 
1.3 hours and a final half-life of 12 hours With either route of administration. 
90% of the excretion was completed within 24 hours after the dose 


Comparison of ritodrine serum levels after intravenous administration with 
those after oral dosage indicates the oral bioavailability is about 30%. Intraven- 
ous infusion at a rate of 0 15 mg min for 1 hour yielded maximum serum 
levels ranging between 32 and 52 ng. ml. in a group of 6 non-pregnant female 
volunteers. maximum serum levels following single and repeated (4 x 10 
mg 24 hr) 10 mg oral doses ae in between 5 and 15 ng mi and were 
obtained within 30 to 60 minutes after ingestion 


Placental transfer was confirmed by measurement of drug concentrations in 
cord blood showing that ritodrine and its conjugates reach the fetal circulation 


INDICATIONS AND USAGE 
Yutopar ıs indicated for the management of preterm labor in suitable patients 


Administered intravenously. the drug will decrease uterine activity and thus 
Prolong gestation in the majority of such patients. After intravenous Yutopar has 
arrested the acute episode. oral administration may help to avert relapse 
Additional acute episodes may be treated by repeating the intravenous infusion 
The incidence of neonatal mortality and respiratory distress syndrome increases 
when the normal gestation period is shortened 
Since successful inhibition of labor is more likely with early treatment. therapy 
with Yutopar should be instituted as soon as the diagnosis of preterm labor is 
established and contraindications ruled out in pregnancies of 20 or more weeks’ 
gestation. The efficacy and safety of Yutopar in advanced labor, that is, when 
cervical dilatation is more than 4 cm. or effacement is more than 80%. have not 
been established 
CONTRAINDICATIONS 
Yutopar is contraindicated before the 20th week of pregnancy 
Yutopar is also contraindicated in those conditions of the mother or fetus in 
re continuation of pregnancy is hazardous: specific contraindications 
include: 
Antepartum hemorrhage which demands immediate delivery 
Eclampsia and severe preeclampsia 
Intrauterine fetal death 
Chorioamnionitis 
Maternal cardiac disease 
Pulmonary hypertension 
_ Maternal hyperthyroidism 
Uncontrolled maternal diabetes mellitus (See Precautions.) 
Pre-existing maternal medical conditions that would be seriously affected 
by the known pharmacologic properties of a betamimetic drug: such as: 
$ aor Cardiac arrhythmias associated with tachycardia or digitalis 
intoxication, uncontrolled hypertension. pheochromocytoma. bronchial 
asthma already treated by betamimetics and/or steroids 
10. Known hypersensitivity to any component of the product 
WARNINGS 
Maternal serge Ace has been reported rarely in patients treated 
concomitantly with Yutopar and corticosteroids and one maternal death has 
been reported in such a patient. Patients so treated must be closely moni- 
tored in hospital If pulmonary edema develops. the drugs should be 
discontinued and the edema managed by conventional means. 
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Intravenous administration of Yutopar should be supervised by persons having 
knowledge of the pharmacology of the drug and who are qualified to identify and 
marago complications of drug administration and porary 

vascular r 


ascular responses are common and more pronoun iring intravenous 
agma strat n of Yutopar, cardiovascular effects. including maternal pul 
an biood p mo oim Care 


po od ressure ie eta naart rate. s ul losely nitored. Car 
shou exercised for maternal signs and symptoms of pulmonary edema. 
Occult cardiac disease may be unmasked with the use of Yutopar. 


The drug should not be administered to patients with mild to moderate pre- 
eclampsia, hypertension. or diabetes unless the attending physician considers 
that the benefits clearly outweigh the risks 


PRECAUTIONS 

When Yutopar is used for the management of preterm labor in a patient with 
premature rupture of the membranes. the benefits of delaying delivery should be 
balanced against the potential risks of development of chorioamnionitis 


Among low birth weight infants. approximately 9% may be growth retarded for 
gestational age Therefore. Intra-Uterine Growth Retardation (IUGR) should be 
considered in the differential diagnosis of preterm labor: this is especially 
important when the gestational age is in doubt The decision to continue or 
reinitiate the administration of Yutopar will depend on an assessment of fetal 
maturity. In addition to clinical parameters. other studies, such as sonography 
or amniocentesis. may be helpful in establishing the state of fetal maturity if it is 
in doubt 


Laboratory Tests 

ecause intravenous administration of Yutopar has been shown to elevate 
plasma insulin and glucose and to decrease plasma potassium concentrations. 
monitoring of glucose and electrolyte levels is recommended during protracted 
infusions Special attention should be paid to biochemical variables when 
treating diabetic patients or those receiving potassium-depleting diuretics 


Drug Interactions 
Cortoosterods used concomitantly nay lead to pulmonaryedema (See Warnings ) 


The effects of other sympathomimetic amines may be potentiated when concur- 
rently administered and these effects may be additive. A sufficient time interval 
should elapse prior to administration of another sympathomimetic drug. 


Beta-adrenergic blocking drugs inhibit the action of Yutopar: coadministration of 
these drugs should. therefore. be avoided 


With anesthetics used in surgery, the possibility that hypotensive effects may be 
potentiated should be considerec 


Carcinogenesis 
In rats given oral doses of 1, 10, and 150 mg /kg /day of ritodrine hydrochloride 
for 82 weeks. no evidence of tumorigenicity was noted 


Pregnancy 
Teratogenic Effects 
(frognancy Category B) 

eproduction studies were performed in rats and rabbits. The doses employed 
intravenously were 1/9 (1 mg/kg ). 1/3 (3 mg./kg.). and 1 (9 mg./kg.) times 
the maximum human daily intravenous dose (but given to the animals as a bolus 
rather than by infusion) The oral doses, 10 and 100 mg/kg. represented 5 and 
50 times the maximum human daily oral maintenance dose. The results of these 
Studies have revealed no evidence of impaired fertility or harm to the fetus due to 
ritodrine hydrochloride 


No adverse fetal effects were encountered when single intravenous doses of 1, 
3. and 9 mg /kg /day or oral doses of 10 and 100 mg, de Paws were given to rats 
and rabbits on Days 6 through 15 and 6 through 18 of gestation. respectively 
Intravenous doses of 1 and 8 mg./kg./day or oral doses of 10 and 100 
mg /«g /day administered to the mother from Day 15 of pregnancy to Day 21 
postpartum did not affect perinatal or postnatal development in rats. A slight 
increase in fetal weight in the rat was observed. Oral administration to both 
sexes did not impair fertility or reproductive performance. Lethal doses to 
pregnant rats did not cause immediate fetal demise. There are no adequate and 
well-controlled studies of Yutopar effects in pregnant women before 20 weeks 


gestation, tperetore this drug should not be used before the 20th seer 2 
pregnancy. Studies of Yutopar administered to pregnant women from the 20th 
week of gestation have not shown increased risk of fetal abnormalities. Follow- 
up of selected variables in a small number of children for up to 2 years has not 
revealed harmful effects on growth. developmental or functional maturation 
Nonetheless. although clinical studies did not demonstrate a risk of permanent 
adverse fetal effects from Yutopar, the possibility cannot be excluded: therefore, 
Yutopar should be used only when clearly indicated 


Some studies indicate that infants born before 36 weeks’ gestation make up less 
than 10% of all births but account for as many as 75% of perinatal deaths and 
one-half of all neurologically handicapped infants There are data available 
indicating that infants born at any time prior to full term may manifest a higher 
incidence of neurologic or other handicaps than occurs in the total population of 
infants born at or after full term. In delaying or preventing preterm labor, the use 
of Yutopar should result in an overall increase in neonatal survival. Handicapped 
infants who might not have otherwise survived may survive 


ADVERSE REACTIONS 
The unwanted effects of Yutopar are related to its betamimetic activity and 
usually are controlled by suitable dosage adjustment 


Effects pesocialed with Intravenous Administration 
Usual effects (80-100% of patients) 


Intravenous infusion of Yutopar leads almost invariably to dose-related altera- 
tions in maternal and fetal heart rates and in maternal blood pressure. Durin 
clinical studies in which the maximum infusion rate was limited to 0.3 
mg./min. (one patient received 0.40 mg./min.), the maximum maternal and 
fetal heart rates averaged, hig sgh 130 (range 60 to 180) and 164 (range 
130 to 200) beats per minute The maximum maternal systolic blood pressures 
averaged 128 mm. Hg (range 96 to 162 mm. Hg). an average increase of 12 
mm. Hg from pretreatment levels. The minimum maternal diastolic blood 
pressures averaged 48 mm _ Hg (range 0 to 76 mm. Hg), an average decrease of 
23 mm. Hg from pretreatment levels. While the more severe effects were 
usually managed effectively by dosage adjustments, in less than 1% of patients, 
persistent maternal tachycardia or cecreased diastolic blood pressure required 
withdrawal of the drug 


Yutopar infusion is associated with transient elevation of blood glucose and 
insulin, which decreases toward normal values after 48 to 72 hours despite 
continued infusion. Elevation of free fatty acids and cAMP has been reported. 
Reduction of potassium levels should be expected: other biochemical effects 
have not been reported. 


Frequent effects (10-50% of patients) 

Intravenous Yutopar. in about one-third of the patients, was associated with 
palpitation. Tremor. nausea. vomiting, headache, or erythema was observed in 
10 to 15% of patients. 

Occasional effects (5-10% of patients) 

Nervousness, jitteriness, restlessness, emotional upset, or anxiety was re- 
ported in 5 to 6% of patients and malaise in similar numbers. 

Infrequent effects (1-3% of patients) 

Cardiac symptoms including chest pain or tightness (rarely associated with 
abnormalities of ECG) and arrhythmia were reported in 1 to 2% of patients. 
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Other infrequently reported maternal effects included: anaphylactic shock, rash, 
heart murmur. epigastric distress. ileus. bloating. constipation, diarrhea, dysp- 
nea, hyperventilation. hemolytic icterus, glycosuria, lactic acidosis, sweating, 
chills, drowsiness, and weakness. 


Neonatal a. 

Infrequently reported neonatal symptoms include hypoglycemia and ileus. In 
addition, hypocalcemia and hypotension have been reported in neonates whose 
mothers were treated with other betamimetic agents 


Effects Assoc ateg ae Oral Administration 
a rb effects (<50% of patients) 
Oral ritodrine in clinical studies was often associated with small increases in 


maternal heart rate. but little or no effect upon either maternal systolic or 
diastolic blood pressure or upon fetal heart rate was found 


Oral ritodrine in 10 to 15% of patients was associated with palpitation or tremor. 
Nausea and jitteriness were less frequent (5 to 8%), while rash was observed in 
some patients (3 to 4%). and arrhythmia was infrequent (about 1%). 


OVERDOSAGE 

The symptoms of overdosage are those of excessive beta-adrenergic stimula- 
tion including exaggeration of the known pharmacologic effects. the most 
prominent being tachycardia (maternal and fetal), palpitation, cardiac arrhyth- 
mia, hypotension, dyspnea, nervousness, tremor, nausea, and vomiting. If an 
excess of ritodrine tablets is ingested. gastric lavage or induction of emesis 
should be carried out followed by administration of activated charcoal. When 
a of overdose occur as a result of intravenous administration, ritodrine 
should be discontinued. an appropriate beta-blocking agent may be used as an 
antidote. Ritodrine hydrochloride is dialyzable. 


Acute intravenous toxicity was studied in rats and rabbits and acute oral toxicity 
in mice. rats. guinea pigs. and dogs. The LD50 values in the most sensitive of 
the species used were 64 mg./kg. intravenously in the nonpregnant rabbit and 
540 mg./kg. orally in the nonpregnant mouse. The intravenous LD50 value in 
the pregnant rat was 85 mg./kg. The amount of drug required to produce 
symptoms of overdose in humans ts individually variable. No reports of human 
mortality due to overdose have been received. 


DOSAGE AND ADMINISTRATION 

In the management of preterm labor, the initial intravenous treatment should 
uSually be followed by oral administration. The optimum dose of Yutopar is 
determined by a clinical balance of uterine response and unwanted effects 


Intrav py 
De eee eis Yutopar if the solution is discolored or contains any 
precipitate or particulate matter. 


Yutopar solution should be used promptly after preparation, but in no case after 
48 hours of preparation 


Method of Administration: To minimize the risks of hypotension, the patient 
should be maintained in the left lateral position during intusion and careful 
attention given to her hydration. 


For appropriate contro! and dose titration, a controlled infusion device is 
recommended to adjust the rate of flow in drops/minute. An i.v. microdrip 
chamber (60 drops/ml.) can provide a convenient range of infusion rates within 
the recommended dose range for Yutopar 


Recommended Dilution: 150 mg. ritodrine hydrochloride (3 ampuls) in 500 mi. 
fluid yielding a final concentration of 0.3 mg./ml. Ritodrine for intravenous 
infusion should be diluted with one of the following: 

— 0.9% w/v sodium chloride solution 

— 5% w/v dextrose solution 

— 10% w/v dextran 40 in 0.9% w/v sodium chloride solution 

— 10% w/v invert sugar solution 

—Compound sodium chloride solution (Ringer's solution) 

— Hartmann’s solution 


Intravenous therapy should be started as soon as possible after diagnosis. The 
usual initial dose is 0.1 mg.minute (0.33 mi./min., 20 drops/min. using a 
microdrip chamber at the recommended dilution), to be gradually increased 
according to the results by 0.05 mg./minute (0.17 mi./min., 10 drops/min. 
using a microdrip chamber at the recommended dilution) every 10 minutes until 
the desired result is attained. The effective dosage usually lies between 0.15 and 
0.35 mg.minute (0.50 to 1.17 ml./min., 30-70 drops’min. using a microdrip 
chamber at the recommended dilution). The infusion should generally be 
continued for at least 12 hours after uterine contractions cease. With the 
recommended dilution, the maximum volume of fluid that might be adminis- 
tered after 12 hours at the ig oie dose (0.35 mg./min.) will be approximately 
i ml. The amount of i.v. fluids administered me the rate of administration 

Id be moni irculatory ud ove n requent monitoring of 
maternal uterine contractions, heart rate, and blood pressure, and of fetal heart 
fate is required, with dosage individually titrated according to response. 


gal Maintenance 
e tablet (10 mg.) may be given approximately 30 minutes before the 
termination of intravenous therapy. The usual dosage schedule for the first 24 


hours of oral maintenance is 1 tablet ae mg.) | two hours. Thereafter the 
usual dose is 1 or 2 tablets (10 to 20 mg.) every four to six hours, the dose 
depending on uterine activity and unwanted effects. The total daily dose of oral 
ntodrine should not exceed 120 mg. The treatment may be continued as long as 
the physician considers it desirable to prolong pregnancy. 


Recurrence of unwanted preterm labor may be treated with repeated infusion of 
Yutopar. 


HOW SUPPLIED 
NDC 0068-0599-53: 5 mi. ampuls in boxes of 12. Each ampul contains 50 mg. 
(10 mg./ml.) of ritodrine hydrochloride. 


NDC 0068-0595-60: 10 mg. tablets in bottles of 60. Each round, yellow tablet 
contains 10 mg. ritodrine hydrochloride and is inscribed 
YUTOPAR on one side and scored on the other. 
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Contraceptive practice and tuboovarian abscess 


DAVID A. EDELMAN, Pu.D. 
GARY S. BERGER, M.D., F.A.C.O.G. 


Research Triangle Park and Chapel Hill, North Carolina 


The hospital and operative records of 318 women with a discharge diagnosis of tuboovarian 
abscess (TOA} were reviewed to evaluate the possible relationship between contraceptive usage 
and the occurrence of TOA. A significantly higher (p < 0.10) proportion of the intrauterine 
contraceptive device (IUD) users had acute pelvic inflammatory disease and a significantly lower 
proportion (p < 0.10) compared to users of other contraceptive methods were surgically treated. 
The proportions of women with unilateral and bilateral TOAs were similar, regardless of the 
contraceptive method used. This was true whether diagnosis was based on physical examination 
alone or confirmed at operation. (AM. J. OBSTET. GYNECOL. 138:541, 1980.) 


RESEARCH during the past decade has led to a consen- 
sus of opinion that there is an association between the 
use of intrauterine contraceptive devices (IUDs) and 
pelvic inflammatory disease (PID). Although some in- 


vestigators have expressed the opinion that PID may be. 


more severe among IUD users than among nonusers, 
there is little objective evidence to either confirm or 


refute this point of view. One objective criterion of se- _ 


vere PID is the formation of an abscess. Several inves- 
tigators have reported a cause-and-effect relationship 
between IUD use and tuboovarian abscesses (TO As), 
while others have not found such a relationship. In 
addition, some reports have suggested that unilateral 
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Table I. Contraceptive methods reported by 
women with TOA 


Contraceptive method 


None 159 50.0 
Oral contraceptive 45 14.2 
IUD- 67 21.1 
Sterilization 24 7.5 
Barrier 13 4.] 
Unknown 10 3.1 


TOAs occur more frequently among IUD users than 
among nonusers, while other studies have shown no 
relationship between IUD use and either unilateral or 
bilateral TOA formation. These varying opinions have 
been reviewed previously in detail.’ 

Since 1972, the occurence of TOA (bilateral or uni- 
lateral) among IUD users has been documented in 
more than 20 case reports and other studies. Only 
three of these reports™* included the appropriate data 
to ascertain whether IUD users are indeed at an in- 
creased risk of bilateral or unilateral TOAs. 

Golde and co-workers’ reported significantly higher 
(p < 0.05) rates of unilatéral TOAs among IUD users 
(62.5%) compared to nonusers (32.1%). On the other 
hand, Golditch and Huston? reported that 17 (54.8%) 
of 31 patients admitted with a diagnosis of tuboovarian 
or pelvic abscess were [UD users. This percentage of 
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Table I. Characteristics of women with TOA by contraceptive method 


Oral 
l contraceptives 
Characteristic (N = 45) 
Mean age (yr) 26.4 24.6 
Nulliparous patients (%) 46.5 26.7 
Patients.with prior history - ‘60.4 57.8 
of PID (%) 
Patients admitted with 39.6 44.4 
acute PID(%) . 
Patients with positive . 18.2 28.9 


gonorrhea culture (%) 

Management of abscess (%): 
Surgical - 49.7 48.9 
Antibiotics alone 50.3 ’ 51.1 





Contraceptive method ®@ 


Sterilization Barrier Unknown 

(N = 24) (N = 13) (N = 10) 
94.5 30.0 25.5 33.7 
99.9 4:2 46.2 4.0 
23.9 58.3 69.2 60.0 
79.1 37.5 61.5. 90.0 
19.4 12.5 23,1 20.0 
254 — 66.7 23.1 60.0 
746 > 33.3 76.9. 40.0 





Table III. Types of IUDs among women with TOA 


Dalkon Shield 24 35.8 
Lippes Loop 17 25.4 
Cu-7 T 10.4 
Others 4 6.0 
Unknown 15 . 22.4 


IUD users was not significantly different (p >'0.10) 
from the percentage of IUD users (55.7%) among 235 
selected patients seen for gynecologic examination at 
the same hospital. Scott found that the proportion of 
women with unilateral or bilateral pelvic abscesses was 
similar (p > 0.10) for both IUD users ard nonusers. 
Among women hospitalized with a diagnosis of PID, 19 
(31.6%) of 60 IUD users compared to 47 (39.5%) of 
119 nonusers had abscesses. The abscesses were unilat- 
eral among 13.3% of the IUD users compared to 16.8% 
of the nonusers. 

The present investigation was under taken in an at- 
tempt to clarify the relationships between contraceptive 
usage and the occurrence of TOAs. 


Material and methods 

From January; 1970, to June, 1979, 346 women’ who 
were treated as inpatients at the North Carolina 
Memorial Hospital were discharged with a diagnosis of 
TOA. The hospital records of these women were re- 
viewed retrospectively and pertinent information was 
abstracted. to evaluate the association between con- 
traceptive practice and TOA. The “diagnosis” of TOA 
was made by review of the operative notes and pathol- 
ogy reports for patients surgically treated or by review 
of the physicians’ reports contained in the hospital rec- 
ords for patients who were not surgically treated. Gen- 
erally, the diagnosis of a TOA was made in the pres- 


ence of either a unilateral or bilateral, tender pelvic 
mass and the presence of signs or symptoms of an 
inflammatory process, e.g., fever, elevated white blood 
cell count, or elevated erythrocyte sedimentation rate. 
In some cases, the findings of pelvic ultrasonography 
or culdocentesis were consistent with the diagnosis of 
TOA. Twenty-eight women wete excluded from 
analysis because they were either premenarchal or 
postmenopausal or because they developed TOAs fol- 
lowing obstetric delivery or following pelvic surgery. In 
these 28 cases there could have been no apparent rela- 
tionship of the pelvic infection to contraceptive use. 


Results 


The contraceptive method in use at the time of hos- 
pital admission as recorded in the hospital records is 
shown in Table I. Most women (50%) did not report 
active contraceptive use. IUD users accounted for over 
one fifth of the population. 

Selected characteristics of women using each con- 
traceptive method are shown in Table II. Because of 
the small numbers of women in the sterilization, bar- 
rier, and unknown contraceptive practice groups, 
comparisons were made only between women using 
IUDs or oral contraceptives and those using no con- 
traceptive method. Compared to women using oral 
contraceptives or no contraceptive method, a sig- 
nificantly lower íp < 0.10) proportion of the IUD users 
had a previous history of PID, and a significantly 
higher (p < 0.10) proportion of IUD users were admit- 
ted with acute PID and were treated with antibiotic 
therapy alone. Among women who required surgical 
treatment, total abdominal hysterectomy with bilateral 
salpingo-oophorectomy was carried out for 92.4%, and 
unilateral or bilateral salpingo-oophorectomy was per- 
formed in 7.6%. Other surgical procedures performed 
included diagnostic laparoscopy (35 cases), exploratory. 
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. Table IV. Characteristics of IUD users with TOAs by type of IUD 





s . i Type of IUD Used 
-  Dalkon Shield Lippes Loop Others /unknown 
Characteristic (N = 24) (N = 17) (N = 26) 
Mean age (yr) 23.8 23.3 27.1 
Nulliparous patients (%) 25.0 29.4 34.6 
Patients with prior history of PID (%) 29.2 l 35a 15.4 
Patients admitted with acute PID (%) 79.2 70.6 80.8 
Patients with positive gonorrhea 16.7 l 17.6 23.1 
culture (%) 
Management of abscess (%): 
Surgical 25.0 23.5 26.9 
Antibiotics alone 75.0 76.5 781 
Median duration of IUD use 36.0 30.0 12.2 
{months) 
Table V. Relative frequency of unilateral and bilateral TOAs by contraceptive method 
Contraceptive method 
Oral 
None contraceptives Sterilization Barrier Unknown 
Diagnosis of TOA (%) (%) (%) (%) (%) 
Surgical: N = 100 N = 28 N= 8 
Unilateral. 22.0 12.5 37.5 
Bilateral 78.0 87.5 62.5 
Physical examination only: N = 59 N = 22 N = 46 N= © N= N = 
Unilateral 20.3 9.1 28.3 40.0 40.0 0.0 
Bilateral 74.6 77.3 TET 60.0 40.0 100.0 
Unknown 5.1 : 13.6 0.0 0.0 20.0 0.0 





Table VI. Relative frequency of unilateral and bilateral TOAs among IUD users 


Diagnosis of TOA 


Surgical: N=8 
Unilateral 25.0 
Bilateral 75.0 

Physical examination only: N= 17 
Unilateral 37.5 
Bilateral l 62.5 


laparotomy (3 cases), and colpotomy (1 case). The gen- 
eral approach used for the treatment of patients with a 
diagnosis of TOA was first to treat with antibiotics. If 
the response was not adequate, the patient was treated 
surgically. The types of IUDs used are shown in Table 
III. Dalkon Shields and Lippes Loops were the most 
commonly used IUDs in this population of women. 
Users of Dalkon Shields and Lippes Loops were simi- 
lar (p > 0.10) with respect to selected characteristics 
(Table IV). The duration of IUD use ranged from less 
than 1 month to 10 years for Lippes Loop users and 
from 5 months to 6 years for’ Dalkon Shield users. For 
two women (3.8%), both Lippes Loop users, the TOAs 


Type of IUD 
Dalkon Shield Lipbes Loop Others /unknown 
(%) (%) (%) 
N = 5 N=8 
20.0 12.5 
80.0 87.5 
T= 12 N= 18 
25.0 22.2 
75.0 77.8 


were diagnosed within 2 weeks of the IUD insertion. 
For all women, TOAs were bilateral in 76.4%, unilat- 
eral in 21.4%, and unknown in 2.2% of the cases. The 
distribution of cases of bilateral versus unilateral TOA 
was not significantly different (p > 0.10) for different 
contraceptive methods, regardless of the criteria for 
diagnosis either by physical examination alone or 
confirmed at operation (Table V). Similarly, the pro- 
portions of women with unilateral or bilateral TOA 
were similar for users of Lippes Loops, Dalkon Shields, 
and other or unknown types of IUDs (Table VI). 
Cervical cultures for gonorrhea were routinely ob- 
tained for all women. Overall, 19.8% of the women had 
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positive cultures. The proportions of women with pos- 
itive cultures were not significantly different (p > 0.10) 
by contraceptive method (Tables II and IV). 


Comment 


Despite the increasing number of studies which 
demonstrate an association between the use of IUDs 
and PID, few investigators have evaluated the relation- 
ship between IUD use and TOA, one of the most seri- 
ous sequelae of PID. 

Some have stated that unilateral TOA is more likely 


to occur among IUD users than among nonusers who © 


have PID. For example, Golde and associates? reported 
that among 85 women with surgically confirmed TOAs 
the women were using IUDs in 32 cases. The incidence 
of unilateral TOA among the IUD users was 62.5% 
compared with only 32.1% among the 53 women who 
were not using IUDs. In contrast to the study of Golde 
and associates, the present investigation indicated simi- 
lar rates of unilateral TOAs among all patients with an 
abscess regardless of the type of contraceptive used at 
the time of diagnosis. This was true whether the diag- 
nosis of TOA was confirmed surgically or was made on 
the basis of physical examination only. Thus, the con- 
cept that IUD use may be more likely to lead to a uni- 
lateral TOA was not confirmed in this study. 

It is unclear whether surgical management of PID is 
more frequently required among IUD users than 
among nonusers. In the present study, women who 
had IUD-associated pelvic or tuboovarian abscess less 
frequently required surgical treatment than those who 
had non-lUD-assoctated abscesses. The IUD group, 
on the other hand, had a lower proportion of patients 
with a prior history of PID and had a higher rate of 
acute pelvic inflammatory disease than the women 
using other contraceptive methods. It remains unclear 
whether or not the use of IUDs leads to a more acute 
form of PID or whether the presentation of illness 
(acute or chronic) is more closely associated with a 
woman’s past history. If LUD use does, in fact, lead to a 
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more acute presentation of PID, then one may expect a 
higher proportion of JD users, compared to nonus- 
ers, to be hospitalized for treatment even if tne overall 
incidence of FID is similar for both groups. If this is 
true, then studies which evaluate the relative risks of 
PID for users of different contraceptive methods based 
only on hospital populations would be expected to re- 
port a higher risk cf PID for the IUD users. In order to 
evaluate this possibility, further studies of the associa- 
tion of PID and IUD use, based on nonhospital popu- 
lations, should be conducted. The higher rate of acute 
PID and the lower proportion of patients who .were 
surgically treated in the IUD group do not indicate that 
the PID in this group of patients represents Dostinser- 
tion endometritis or endoparametritis. Only two of the 
67 women using IUDs had the IUDs inserted within 2 
weeks of the diagnosis of TOA. 

As in any retrospective study with hospital records, 
there are limitations to the present study. The criteria 
for diagnosis of TOA were not necessarily uniform, 
although for.cases where the diagnosis was confirmed 
at surgery, diagnostic errors seem unlikely. Since the 
management cf TOA in terms of the need for surgery 
and the type of surgery depends upon the individual 
opinion of the attending physician responsible for the- 
patient’s care, differences in rates of surgical treatment 
for the different groups under study may be related to 
factors which were not studied in the present investi- 
gation. 

On the basis of our previous review of the literature 
on IUDs‘ and on the basis of the present study, it is 
apparent that further studies will be required to: (1). 
define more completely the relationship between IUD 
use and the risk of PID, especially the risk of develop- 
ing either unilateral or bilateral TOAs; (2) evaluate the 
need for surgical intervention in 1UD-associated PID as 
opposed to non-IUD-associated PID; and (3) deter- 
mine whether IUD use compared to use of other con- 
traceptive methods is associated with more virulent 
forms of PID. 
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Utility of assay of alpha subunit of human chorionic 


gonadotropin in management of gestational 


trophoblastic malignancies 


MARTIN M. QUIGLEY* 
LEE TYREY 

CHARLES B. HAMMOND 
Durham, North Carolina 


All patients who were treated with chemotherapy for malignant gestational trophoblastic neoplasms 


at the Southeastern Regional Trophoblastic Disease Center and who experienced remission during 


the period January 1, 1978, through December 31, 1979, were studied in an attempt to determine if 
ihe application of an assay for the alpha subunit of human chorionic gonadotropin (nCG-a) could 
predict those patients who would have recurrences. For each patient, the jirst three weekly serum 
samples with undetectable hCG by the hCG @-subunit radioimmunoassay as well as the two 
preceding samples with detectable hCG were assayed in a homologous hCG-e assay. Results 
reaffirm previous data that the latter assay is useful only in patients receiving oral contraceptives for. 
suppression of pituitary gonadotropin secretion. No patient who has remained in remission had a 
mean level of hCG-a in the three hCG-negative samples greater than 1 ng/ml. Of those patients 
who had recurrences of trophoblastic disease, two of three had hCG-a levels greater than 1.5 
ng/ml. Although these data are preliminary, they suggest that the routine measurement of hCG-« in 
patients successfully treated for trophoblastic disease may aid in identification of a group of patients 
who require additional or more intensive follow-up and/or additional chemotherapy to prevent later 


recurrences. (AM. J. OBSTET. GYNECOL. 138:545, 1980.) 


A SMALL but important percentage of patients who 


apparently have been successfully treated for gesta- 


tional trophoblastic neoplasms have recurrences after 
remission as evidenced by both an absence of clinical 
signs of disease and by no detectable human chcrionic 
gonadotropin (hCG) or its beta subunit (hCG-8) on 
repetive assay.’ Since there is secretion of both the « 
subunit of hCG (hCG-a) and native hCG in a variety of 
physiologic? and pathologic? conditions, measurements 
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of hCG-a might be useful in the management of pa- 
tients receiving treatment for trophoblastic malig- 
nancies. 

Some authors have suggested that measurement of 


; hCG-q@ at a time when hCG titers are still elevated may 


be of value in predicting response to chemotherapy.’ A 
recent report from this Center has suggested that pa- 
tients who had recurrences of trophoblastic neoplasms 
have an increased detectability of hCG-a while in re- 
mission when compared with both patients who did not 
have recurrences and normal control subjects.* 

This study was designed to examine further whether 
the assay for hCG-q is useful in identifying patients at 
high risk for recurrence who should receive closer 
follow-up and/or additional chemotherapy. 


Material and methods 


Patient population. All patients treated with chemo- 
therapy for malignant gestational trophoblastic disease 
at the Southeastern Regional Trophoblastic Disease 
Center who experienced remission during the period 
January 1, 1978, through December 31, 1979, formed 
the study population. Remission was defined as a min- 
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Fig. 1. Representation of the detection and levels of mean hCG-a@ concentrations in the first three 
samples negative for hCG in each of the patient groups. Values of hCG-a < 0.25 ng/ml are below the 


sensitivity of the assay. 


Table I. Subdivisions of patient population 









Labora- 
tory re- 
CUTTENCE 






Clinical 
TECUTTENCE 







BCP 6 3 23 32 
Non-BCP 3 ae 6 10 


Total 9 47 29 49 


imum of three consecutive weekly serum samples with 
hCG levels less than 5 mIU/ml (bv the hCG-8 radio- 
immunoassay) and no clinical evidence of persistent 
or metastatic disease.* Forty-two patients met these 
criteria and were subdivided into two groups based on 
whether or not they were using combination oral con- 
traceptives for suppression of pituitary gonadotropin 
production. There were 32 patients using combination 
contraceptives (BCP group) and 10 patients not 
using these compounds (non-BCP group). Each of 
these groups was further subdivided into laboratory 
recurrence, clinical recurrence, and nonrecurrence 
groups. Laboratory recurrence was defined as detect- 
able hCG (>5 mI U/ml) on one or more occasions efter 
remission (as defined above) without clinical signs of 
disease. These patients may or may not have received 
additional chemotherapy based on hCG titer alone. 
Clinical recurrence was definec as hCG detection (>5 
mIU/ml) after remission with clinical and/or histologic 
evidence of disease. All these patients received addi- 


tional chemotherapy. Nonrecurrence was defined as 
continued nondetectability of hCG and no clinical evi- 
dence of recurrent disease. Table I indicates the num- 
ber of patients in each group. The characteristics of the 
patient groups are listed in Table II. There were no 
significant differences among groups in age, parity, 
preceding pregnancy type, good or poor prognostic 
signs,’ the presence or site of metastases, and use of 
oral contraceptives. 

Serum samples. Patients receiving chemotherapy 
had serum samples drawn weekly for hCG-8 radioim- 
munoassay. After assaying for hCG, samples were 
stored at — 20° C..The first three consecutive samples 
with undetectable hCG as well as the preceding two © 
samples with detectable hCG from each patient were 
selected for assay for hCG-a (Fig. 1). Assays were not 
performed until after the patient’s discharge, and re- 
sults were not returned to the patient’s chart, with the 
results thus playing no role in the clinical management 
of the patient. 

Assay. hCG-a was determined with a homologous’ 
hCG-a assay as previously described? with highly pur- 
ified hCG-a and anti-hCG-a provided by the National 
Institute of Arthritis, Metabolism, and Digestive Dis- 
eases and the National Institute of Child Health and 
Human Development. The within-assay and between- 
assay coefficients of variation were both 5.1%, as de- 
termined by the methodology of Rodbard.® The mini- 
mum sensitivity of the assay was 0.25 ng/ml. 
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Results | 

Non-BCP groups. Comparisgns between the hCG 
values (in milli~International Units per milliliter from 
the hCG-8. assay) and the hCG-e values in the last two 
serum samples with detectable hCG before the three 
negative samples revealed a lack of any statistically sig- 
nificant linear (r = 0.304) or other correlations. In all 
calculations and comparisons, undetectable values of 
hCG-a@ were assumed to have their maximum possible 
value, 0.25 ng/ml. 

For each patient, a mean hCG-c value was deter- 
mined from the hCG-a values for the three hCG- 
negative- samples. These mean values are listed in 


Table III for each patient in those groups not using 


oral contraceptives. There were no statistically sig- 
nificant differences among these three groups by chi- 
square or analysis of variance (ANOVA). In those pa- 
tients in whom hCG-a was detected {>0.25 ng/ml) 
there were also no significant differences among 
groups. 

BCP groups. Comparisons between the hCG values 
and the hCG-a values in the last two serum samples 
with detectable hCG before the first three negative val- 
ues in the BCP groups also revealed a lack of any sig- 
nificant linear (r = 0.160) or other correlations. 

The mean hCG-qa value for each patient in the BCP 
groups (calculated as in the preceding section) is listed 
in Table IV. Because of the large number of undetect- 
able values in these groups, the standard parametric 
statistical tests were not applied to these data. With the 
use of chi-square analysis based on detectability or 
nondetectability of hCG-a, there were no statistically 
significant differences among these groups when all 
observations were included. When only those patients 
in whom hCG-a was detected were considered, how- 
ever, analysis of variance revealed a significant differ- 
ence between the nonrecurrence group and the labo- 
ratory recurrence and clinical recurrence groups 
(F = 12.05, P< 0.01). There was no statistical differ- 
ence between the laboratory recurrence and clinical re- 
currence patients with detectable hCG-a. 


Comment 

The alpha subunit is not unique to hCG but is 
nearly identical among hCG, thyroid-stimulating hor- 
mone (TSH), luteinizing hormone (LH), and follicle- 
stimulating hormone (FSH). Moreover, the alpha- 
subunit assay, in addition to measuring free alpha 
subunit from trophoblastic and pitiitary sources, will 
also measure, to a degree, circulating native TSH, LH, 
and hCG.°. 

The absence of significant differences among groups 
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Table II. Characterization of patient population 


Nonre- Laboratory | Clinical 
currence recurrence | recurrence 
No. in group 29 9 4 
Age range 16-50 17-42 26-29 
Parity range 0-8 0-3 . 1-3 
Métastases 14 (48.3%) 3(33.3%) 3 (75%) 
Preceding pregnancy: 
Mole 24 (82.8%) 8 (88.9%) 2 (50%) 
Term 3 (10.3%) 1(11.1%) 2 (50%) 
Ectopic 1 (3.4%) = - 
Induced abortion 1 (3.4%) - -= 
Poor prognosis 8 (27.6%) 1(11.1%)  4(100%) 
Received oral con- 23 (79.3%) 6 (66.7%) 3 (75%) 


traceptives 


Table III. Mean hCG-a in the first three negative 
samples for non-BCP groups 








Clinical 
recurrence 






Nonre- 
currence 


Laboratory 
recurrence 





(ng/ml) (ng/ml) (ng/ml) 
<0.25 (3 patients) | <0.25 (1 patient) 0.52 
0.48 0.63 ~ 
0.51 0.99 - 


1.92 = Tod 


Table IV. Mean hCG-a in the first three negative 
samples for BCP groups 









Clinical 
recurrence 


(ng/ml) 


Laboratory 
recurrence 


(ng/ml) 


<0.25(17 patients) <0.25 (4 patients) <0.25(1 patient) 
0.27 1.42 1.50 
0.32 2.10 3.13 
0.34 - ~ 
0.50 - ~ 
0.65 - - 
0.80 — _ 





Nonrecurrence 


(ng/ml) 





in those patients not using oral contraceptives further 
substantiates our earlier observation that measurement 
of alpha subunit is not useful in patients unless they are 
receiving pituitary suppressive therapy (BCP).4 Com- 
bination oral contraceptives have been shown to de- 
crease circulating levels of LH and FSH (and to greatly 
diminish or abolish the midcycle LH surge).!9 Since a 
major portion of the immunoreactive alpha subunit 
represents immunologic recognition of the circulating 
pituitary gonadotropins,’ reducing their circulating 
concentrations increases the specificity of the alpha- 
subunit assay. 

The lack of any significant correlation between the 
alpha subunit and native hCG as measured by the 
hCG-8 assay suggests that in patients with trophoblastic 
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neoplasms these two assays measure products which 
reflect different tumor secretory activities. This is es- 
pecially true in patients using combination oral con- 
traceptives, since their lower levels of circulating go- 
nadotropins increase the specificity.of the assay for the 
alpha subunit of trophoblastic origin. - _ 

The current study, as well as a previous report,” 
does not indicate any advantage to measurement of the 
alpha subunit at times when circulating hCG is still pres- 
ent because of the immunologic recognition of the cir- 
culating hCG by the anti-~-hCG-a antibody. After hCG 
becomes undetectable, the lack of detectable alpha 
subunit does not provide a clear indication that the 
patient will not have a recurrence, although a higher 
percentage of patients in the nonrecurrence groups 
had undetectable alpha subunit (73.9%) than either the 
laboratory recurrence (66.7%) or clinical recurrence 
(33.3%) groups. While the follow-up of the non- 
recurrence groups is limited (6 to 30 months), the 
previously reported chances of recurrence are less 
than 2% after 3 months and 1% after 12 months of 
remission.” 

The significance of ey: level elevations of alpha sub- 
unit (mean < 1 ng/ml) in the first three negative sam- 
ples of patients using oral contraceptives is unclear. Six 
patients in the nonrecurrence group (26.1%) had mean 
alpha-subunit values in this range while no patients in 
either of the recurrence groups had similar low eleva- 
tions of alpha subunit. If low-level elevations of alpha 
subunit are found, it would be prudent to manage 
these patients with more frequent hCG-a and hCG-B 
assays than usually recommended.® 

If high levels of alpha subunit (mean = 1.5 ng/ml) 
are found in the first three negative samples, our data, 
although limited, suggest that there is a high risk of 
recurrent trophoblastic neoplasms and that considera- 
tion should be given to additional chemotherapy in this 
group of patients. Two of four patients in the current 
study with high levels of alpha subunit during early 
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remission had subsequent clinical recurrences. All pa- 
tients in this study received at least one additional 
course of chemotherapy after the first negative hCG 
titer; some of these patients received additional courses 
of chemotherapy after three negative titers. The effect 
of this additional chemotherapy on the levels or detect- 
ability of alpha subunit, as well as on the chances of 
recurrence, is unknown. Sa 

The significance of the laboratory recurrence group 
is unclear. Of the six patients using oral contraceptives 
in this group, two had high levels of alpha subunit. One 
of these patients received additional chemotherapy 
which may have prevented clinical evidence of recur- 
rent disease. The other pauent may have had recurrent 
disease with “spontaneous” remission on a delayed ef- 
fect of previous chemotherapy on residual tumor, or 
she may have been disease free with the apparent ele- 
vation merely reflecting cross-reactivity with circulating 
gonadotropins or TSH. . 

At the present time, our conclusions remain prelimi- 
nary as the number of patients studied is small and the 
period of follow-up is short. However, the finding of 
relatively high levels of alpha subunit in two thirds of 
our patients who had clinical recurrences as well as the 
absence of high levels of alpha subunit in those patients 
who have remained in remission suggests that the 
alpha-subunit assay should play a role in the routine 
management of patients with trophoblastic malignan- 
cies. The detection of alpha subunit after successful 
chemotherapy mav indicate a group of patients at high 
risk for recurrence and who require closer follow-up 
and/or additional chemotherapy to achieve sustained 
remission. 


The anti-hCG-a antibody and highly purified hCG- 
a were provided by the NICHHD and NIAMDD. We 
acknowledge the excellent technical assistance of Ms. 
Mary Lou Everett. 
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Analysis of factors contributing to treatment failures 
in Stages IB and IIA carcinoma of the cefvix 


C. K. CHUNG; M.D. 
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JOHN A. STRYKER, M.D. 
STEPHEN L. CURRY, M.D. 
ARTHUR B. ABT. M.D. 
RODRIGUE MORTEL, M.D. 


Hershey, Pennsylvania 


Between April, 1971, and September, 1977, 98 patients with Stages IB and IIA cervical cancer who 
underwent surgical exploration prior to treatment at Hershey Medical Center were studied. Those 
who had bulky primary tumor (=4 cm) had a higher incidence of nodal metastases (80% vs. 16%), 
local recurrences (40% vs. 5%), and distant metastases (40% vs. 1%). Patients who had positive 
nodes had more local recurrences (24% vs. 6%) and distant metastases (28% vs. 0%). Those with 
grossly positive nodes had more distant metastases (60% vs. 7%) than thos2 with microscopically 
positive nodes. Those whc had positive nodes, vascular invasion, and/or deep invasion of the cervix 
(270% of thickness) in the radical hysterectomy specimen had more nodal metastases and local 
recurrences. Postoperative radiation seemed to prevent local recurrences (40% vs. 6%) and 
improve the 2-year tumor-{ree survival rate (94% vs. 55%). Patients who had bulky primary tumors 
and/or grossly positive nodes at laparotomy may require systemic therapy in view of.the high 
incidence of distant failures. (AM. J. OBSTET. GYNECOL. 138:550, 1980.) 


SUCCESSFUL treatment of Stages IB and IIA cancer of 
the cervix requires control of the central tumor and 
eradication of metastatic cancer foct when present in 
the regional nodes. 

. The purpose of this investigation was to determine 
the prognostic significance of pelvic node metastasis, 
size and depth of i invasion of :he' primary lesion, and 
the presence of vascular invasion in the radical hyster- 
ectomy specimen. The value of postoperative radio- 
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therapy for those in the high- “tisk group was also 
evaluated. 


Methods 


One hundred forty patients with previously un- 
treated FIGO (International Federation of Gynaecol- 
ogy and Obstetrics) Stages IB and IIA carcinoma of the 
cervix were treated at the Milton S. Hershey Medical 
Center of The Pennsylvania State University between 
April, 1971, and September, 1977. Forty-two of these 
patients who were medically ineligible or had barrel- 
shaped cervix underwent no surgical exploration and 
were not included in the study, thus leaving as eligible a 
total of 98 patients who underwent laparotomy. 

The patients were divided into three groups accord- 
ing to the treatment plan (Table I). At laparotomy, 
sampling of aortic nodes and multiple biopsies of 
grossly enlarged pelvic nodes were done. If nodes were 
positive and/or the primary tumor was found to be 
more advanced, the condition was regarded as non- 
resectable and the patient was treated with radiother- 
apy. alone. If nodes were negative, radical hysterectomy 
with bilateral pelvic lymphadenectomy was performed. 
Postoperative radiation was usually administered to 
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Table I. Ninety-eight patients with Stages IB and IIA 
cervical cancer who underwent laparotomy 












No. of patients 
Stage IB | Stage IIA 


Average age 


(yr) 


Treatment 





Operation*® 65 8 45 
Operation plus 1] ] 46 
postoperative 
radiotherapyt 
Radiotherapy _9 4 47 
Total 85 13 


*Radical hysterectomy with bilateral pelvic lymphade- 
nectomy. 


tRadical hysterectomy with bilateral pelvic lymphadenec- 
tomy plus postoperative radiotherapy. 


those in whom positive nodes were found on radical 
hysterectomy and pelvic lymphadenectomy specimen. 

A total of 73 patients underwent operation alone 
(radical hysterectomy with bilateral pelvic lymphade- 
nectomy). Twelve patients underwent operation plus 
postoperative radiotherapy: 10 patients with positive 
nodes, one patient with positive vaginal resection mar- 
gin, and one patient in whom the tumor penetrated 
through the wall on the radical hysterectomy specimen. 
(The other five patients with positive nodes did not 
receive postoperative radiotherapy because of surgical 
complications.) Thirteen patients underwent radio- 
therapy alone: nine patients with gross nodal metas- 
tases and four patients with more advanced disease at 
laparotomy (the tumor extended into the parame- 
trium, l, pelvic wall, 1, and bladder, 2). 

Radiotherapy was administered in a fairly standard 
fashion and it consisted of external-beam radiotherapy 
to the whole pelvis with the use of a 10-mev linear 
accelerator followed by intracavitary brachytherapy. 
External-beam radiation therapy delivered a minimum 
whole-pelvic dose of 5,100 rads through anterior- 
posterior opposed or four-field technique. All fields 
were treated every day, 5 days a week with a daily 
tumor dose of 170 rads. The minimum treatment vol- 
ume was maintained as follows: superiorly, the upper 
margin of L5; inferiorly, the upper third of the ob- 
turator foramen, or lower if indicated; laterally, at least 
1 cm beyond the lateral margin of the bony pelvis at the 
widest plane of the pelvis. Additional para-aortic node 
irradiation was given to three patients with positive 
para-aortic nodes. Intracavitary brachytherapy con- 
sisted of the Fletcher-Suit afterloading system with 
cesium-137. Two 48-hour applications with a 2-week 
interval were used for primary radiotherapy; the first 
insertion of cesium delivered an average of 2,714 
(2,587 to 3,226) mg hr, with 2,234 rads (2,088 to 2,640) 
to point A, and 486 rads (336 to 576) to the lateral 
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Table II. Sites of lymph node metastases* 
(Stages IB and IIA cervical cancer) 






Totalt 


Lymph node group 


External iliac 4 5 2 ll 36 
Obturetor 4 2 0 6 19 
Hypogastric 2 3 0 E 16 
Parametrial 2 l 0 3 9 
Total pelvic 12 1] 2 25 80 
Common iliac 2 l 2 3 10 
_Para-aortic 1 see 0 3 10 

15 14 2 31 100 


 *Number of lymph nodes dissected: eight to 76 nodes 
(average, 24.3). 


+Number of sites of nodal metastases. 


Table III. Incidence of lymph node metastases 






(+) Nodes 





Characteristics 


Stage: 
IB 21/85 25 
IIA 4/13 3] 
Histologic features: 
Squamous cell carcinoma 23/88 26 
Adenocarcinoma 2/8 25 
Adenosquamous carcinoma 0/2 0 
Size of primary tumor*: 
=4 cm 12/15 80T 
<4 cm 13/83 16 
Depth of invasiont: 
=70% thickness 6/15 40t 
<70% thickness 9/70 13 
Vascular invasiont: 
+ 5/8 63t 


— 10/77 13 


*Clinical measurement. 
tP < 0.05 (chi-square test). 
Radical hysterectomy specimen findings. 


pelvic wall (lateral margin of the bony pelvis at the 
widest plane through the pelvis). The second insertion 
delivered an average of 2,964 (2,145 to 3,144) mg hr 
with 2,382 rads (1,914 to 2,640) to point A and 434 
rads (384 to 528) to the lateral pelvic wall. Therefore, a 
total of 5,679 mg hr with 4,616 rads to point A and 920 
rads to the lateral pelvic wall was delivered in two in- 
sertions. For the postoperative radiotherapy group, 
seven patients underwent external pelvic irradiation 
only (5,100 rads in 6 weeks), and five patients under- 
went, in addition, one 48-hour insertion of a vaginal 
applicator to deliver an average of 1,566 (960 to 1,920) 
mg hr with 4,864 (4,080 to 5,760) rads to the vaginal 
surface. 

The size of the primary tumor, as measured at the 
time of initial clinical staging, was divided into two 
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Table IV. Sites of failure by treatment modalities 
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Loca! failures š 





Distant 
No. of 

Operation 73 2 3 3 4 0 0 
Operation plus postoperative radiotherapy 12 l 8 0 0 l 8 
Radiotherapy 43 ee is 413 i: 23 6 46 

Total 98 4 4 6 6 T ka 

Table V. Treatment results 
TECUTTENCE metastasis (NED)*+ 
No. of 

Stage . 

IB 85 9 11 5 6 72 85 

IA 13 l & 2 15 I] 85 
Histologic features: 

Squamous-cell carcinoma 88 8 9 7 8 75 85 

Adenocarcinoma 8 1 o’ 15 0 0 7 88 

Adenosquamous carcinoma 2 l 50 0 0 1 50 
Size of primary tumor l 

=4 cm 15 6 40 6 40 7 47% 

<4 cm 83 4 5 1l l 76 92 
Depth of invasion . 

>70% thickness 15 4 27 2 13 10 674 

<70% thickness -70 3 4 " 90 0. 65 93 
Vascular invaston 

+ 8 2 26 2. if 13 4 50} 

— 77 4 5 0 0 72 94 


* Absolute recurrence-free survival. 


TNo evidence of disease at the follow-up examination immediately after the cut-off time at 24 months after treatment. 


tP < 0.05. 


groups: 4 cm or more vs. less than 4 cm on clinical 
measurement. The hysterectomy specimen was exam- 
ined in a fresh state and after formalin fixation. Full- 
thickness sections through the tumor (minimum of 
three) were taken from areas grossly showing the 
greatest depth of penetration. These were stained with 
hematoxylin and eosin. The maximum depth of tumor 
invasion was determined as a percentage of thickness 
of the cervical-endocervical segment, Vascular invasion 
(lymphatic and venous) was determined from the slides 
stained with hematoxylin and eosin. Sections of all 
lymph nodes were studied. When nodes were large, a 
single representative section was taken. In specimens in 
which nodes were not grossly detectable, a sample of 
tissue was subjected to search for foci of lymphatic tis- 
sue. The incidence of nodal metastasis was presented 
according to size of primary tumor, degree of depth of 
invasion, and presence of vascular invasion. 
Treatment results were analyzed as local recurrence, 
distant metastases, and 2-year absolute recurrence-free 
survival (NED), by size of primary tumor, status of 


lymph node metastases, hysterectomy specimen find- 
ings (vascular invasion and depth of invasion), and 
treatment modalities. Particularly, treatment outcome 
was compared between operation alone and operation 
plus postoperative radiotherapy in those in the high- 
risk group with lymph node metastases, deep penetra- 
tion of the tumor, and vascular invasion. Finally, com- 
plications were analyzed by each treatment modality in 
order to find out whether the combined-therary group 
had increased complications. Follow-up care was car- 
ried out in the Gynecologic Oncology Clinic. Absolute 
survival was calculated from the initial date of treat- 
ment. All patients were followed until death or for a 
minimum of 2 years from the date of first treatment. 
Three patients were lost to follow-up and counted as 
dead. Statistical evaluation was carried out according to 
the chi-square method. 


Results 


Of a total of 98 patients, 10 (10%) had gross lymph 
node metastases at the time of laparotomy; 15 of 85 
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Table VI. Status of nodal metastases and prognoses 





Nodal site 
Pelvic Gross* (+) ` 0/6 
Micro (+) 3/13 
3/19 (16%) 
Common iliac Gross (+) 1/2 
Micro (+) 0/1 
1/3 (33%) 
Para-aortic Gross (+) 2/2 
Micro (+) 0/1 
2/3 (67%) 
Gross (+) 3/10 (30%) 


Micro (+) 3/15 (20%) 
Total Node (+) 6/25 (24%) 
Node (—) 4/73 (6%) 


TAREE TE 
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2-Year survival (NED) 


3/6 4/6 
0/13 9/13 
3/19 (16%) 13/19 (68%) 
1/2 1/2 
0/1 1/1 
T3 (33%) 2/3 (67%) 
212 0/2 
1/1 WW 
3/3 (100%) 1/3 (33%) 
6/10 (60%) 5/10 (50%) 
1/15 ¢7%) 11/15 (73%) 
7/25 (28%) 16/25 (64%)§ 
0/73 (0%) 67/73 (92%) 


*Gross nodal metastases at laparotomy, which were all removed. 
tMicroscopically positive nodes on radical hysterectomy specimen. 


Not significant. 
~ P < 0.05. 


Table VII. Retrospective comparison of treatment results in the high-risk group: Operation alone vs. 


operation plus postoperative radiotherapy 


Local recurrence 


2-Year survival (NED) 


C onain [open FT 


Pathologic specimen findings . 
Lymph node metastasis (+) 2/54 40 
Depth of invasion (=70% thickness) 4/10 40 
Vascular invasion (+) 2/5 40 
Total 8/20 40 


*Radical hysterectomy. 
tRadical hysterectomy plus postoperative radictherapy. 


Operation® + RT Operation + RTF 
5 


1/10 10 2/5 40 9/10 90 
0/5 0 7/10 70 5/5 100 
0/3 0 2/5 40 3/3 100 
1/18 6 11/20 55 17/18§ 94 


Five patients who had microscopic positive nodes did not receive postoperative radiotherapy because of surgical 


complications. 
$P = 0.05. 


patients (18%) who underwent radical hysterectomy 
with bilateral pelvic lymphadenectomy were found to 
have unexpected lymph node metastases micrascop- 
ically in the pathologic specimen. Of the 85 patients 
with Stage IB carcinoma, 21 had positive nodes (25%); 
19 had pelvic only, one had pelvic and para-aortic, and 
one had para-aortic only. Of the 13 patients with Stage 
IIA carcinoma, 4 patients had nodal metastasis (31%), 
three had pelvic only, and one had para-aortic only. 
Table II shows the distribution of lymph node metas- 
tases; the external iliac node was the most common site 
of involvement. Only two patients had lymph node 
metastases bilaterally. 

The incidences of lymph node metastasis, by stage, 
histologic features, size of primary tumor,.as well as 
depth of invasion and vascular invasion, are shown in 
Table HI. The stage (IB vs. IIA) and histologic features 
(squamous-cell carcinoma vs. adénocarcinoma) do not 


seem to influence lymph node metastasis; however, pa- 
tients with bulky primary tumors (24 cm) had a sig- 
nificantly higher incidence of nodal metastasis than did 
those with smaller tumors (80% vs. 16%). Those who 
had vascular invasion and/or deep invasion of the cer- 
vix (= 70% of thickness) on hysterectomy specimen had 
more lymph node metastases. 

In this series, 88% of recurrence occurred within 24 
months, and all within 30 months of treatment. There- 
fore, the 2-year NED rate is reliable for the purpose of 
comparing the various treatment results. Ten patients 
experienced local failure in the pelvis (four central and 
six lateral), and seven patients developed distant metas- 
tases (four patients in the bones, two patients in the 
supraclavicular nodes, and one patient in the mediasti- 
num). The sites of failure by treatment modality are 
shown in Table IV. Since patients with the more unfa- 
vorable conditions received radictherapy alone, the 
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Table VIII. Complications by treatment modalities 
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a Operation Operation + postopermntive Radiotherapy 
Complications (73 patients) radiotherapy (12 patients) (13 patients) 
Fistulas 7 (9%)* C (0%) 1 (7%) 
Urinary retention and/or incontinence 13 1 0 
Lymphocyst 2 0 0 
Pelvic abscess 2 0 0 
Acute pyelonephritis l 0 0 
Surgical injury to bladder or rectum 3 l 0 
Severe hemorrhage l 0 0 
Small bowel obstruction l 0 l 
Rectosigmoiditis . 0 0 l 
Severe complication} 17 (23%) 1 (8%) 3 (23%) 





*Seven patients with 10 fistulas (five ureterovaginal, three vesicovaginal, one rectovaginal, and one vesicocutaneous) underwent 
surgical correction within 2'to 10 months after radical hysterectomy, with good primary results in all cases. 


tRectovaginal fistula. ` 
Required second surgical intervention. 


Table IX. Two-year absolute survival (NED) 


Stage IB cancer 


Stage IIA cancer 


Operation 58/65 . 

Operation plus 10/11 aI 
postoperative radiotherapy 

Radiotherapy 4/9 44 

Positive nodes 14/2] 67 

Negative nodes 58/64 91 

Total 72/83 85 


*Recurrence-free survival. 


treatment: results were worse in that group. 

The incidences of local recurrence, distant metas- 
tasis, and absolute 2-year survival (NED) rate by stage, 
histologic findings, and size of primary tumor, as well 
as depth of invasion and vascular invasion, are shown 
in Table V. The stage and histologic features did not 
seem to influence the prognosis, but the patients who 
had bulky primary tumors had a higher incidence of 
local recurrence dnd distant metastases and a lower 
9-year NED rate, and those who had vascular invasion 
and/or deep invasion of the cervix had a higher inci- 
dence of local recurrence and lower 2-year NED rate. 
The correlations of the status of nodal metastases with 
prognosis are shown in Table VI. The patients who 
had positive nodes had more local recurrences, distant 
metastases, and lower 2-year NED rates. The patients 
with grossly positive nodes had more distant metastases 
than those with only microscopically positive nodes. All 
three patients with. para-aortic node metastases devel- 
oped distant metastases. 

A retrospective analysis comparing the treatment re- 
sults in the high-risk group for patients who received 
postoperative radiotherapy and for those who did not 


7/8 100 
a1 1/1 os 100 
67 3/4 75 75 
81 2/4 50 75 
95 0/9 100 100 
92 11/13 85 92 


revealed that postoperative radiotherapy seemed to 
prevent local recurrence and improve the 2-year NED 
rate (Table VII). 

The complications by treatment modality are shown 
in Table VIII. The complication rate in those patients 
with the combined approach was not increased in this 
small series; one patient had occasional urinary incon- 
tinence, the other patient sustained surgical injury to 
the bladder which was repaired. The severe complica- 
tions which required a second surgical intervention in 
each treatment group were comparable. 

The 2-year absolute survival (NED) rate by stage, 
treatment, and nodal status is shown in Table IX. Sur- 
gical procedures for resectable lesions achieved an 89% 
2-year NED rate, and postoperative radiotherapy a 
92% rate, whereas primary radiotherapy for non- 
resectable lesions achieved a 54% 2-year NED rate. The 
2-year NED rates for patients who had positive nodes 
and for those who had negative nodes were 64% and 
92%, respectively. 

Of the five patients who experienced surgical fail- 
ure, four underwent radiotherapy, and success was 
achieved in three. One patient with local recurrence in 
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the postoperative radiotherapy group underwent che- 
motherapy which was not successful. Of four patients 
who experienced radiotherapy failure, one underwent 
a successful operation (total pelvic exenteration) and 
three received chemotherapy that failed. . 


Comment 


It is evident from this retrospective analysis that in 
patients with Stages IB and IIA cervical cancer the var- 
ious parameters associated with the prognosis are the 
size of the cervical lesion, lymph node metastases, vas- 
cular invasion, and depth of invasion of the tumor. 
Piver and Chung® and Freidell and Graham? have 
confirmed that there is good correlation between the 
size of the cervical tumor, lymph node metastases, and 
survival. The patients with bulky primary tumors (24 
cm) had a higher incidence of failure (40% with both 
local recurrence and distant metastasis) in our series. 
Those patients with barrel- -shaped cervices did not 
undergo laparotomy and were treated with either pri- 
mary radiotherapy or preoperative radiotherapy fol- 
lowed by simple hysterectomy. Therefore, these pa- 
tients were not included in this study. 

The patients with vascular invasion had more nodal 
metastases and local recurrences than did those with- 
out vascular invasion. In Van Nagell and associates’ 
series of 100 patients with Stage IB cervical cancer who 
underwent radical hysterectomy, vascular invasion was 
associated with a significant increase in nodal metas- 
tases and tumor recurrences. No reports have previ- 
ously been made of the prognostic significance of 
depth of invasion of cervical cancer. In the present 
series, the patients with deep invasion of the tumor 
(=70% of thickness) had three times as many nodal 
metastases and seven times as many local recurrences 
as those who did not have deep invasion. Boyce ‘and 
associates! also noticed that there was good correlation 
between the depth of invasion, vascular invasion, and 
prognosis in Stage IB cervical carcinoma: | | 

In treatment by radiation or surgical procedures, the 
lymph nodes are more of a problem than is the central 
disease. Several authors have reported 5-year survival 


rates as high as 61%° and as low as 38%? in patients ` 


with Stage IB carcinoma who at the time of radical 
hysterectomy and bilateral pelvic lymphadenectomy 
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had pelvic nodes containing metastatic cancer. There 
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_ (17%). In the present series, the 2-year NED rate for 


patients with positive nodes was 64%; those who had 
lymph nodes that contained microscopic deposits of 
cancer achieved only a 73% 2-year NED rate, com- 
pared to a 50% rate for those with grossly positive 
nodes at laparotomy. The latter group had nine times 
more distant metastases than the former group. Also, 
the site of lymph node metastases seemed to affect the 
incidence of distant metastases, since 67% of those with 
common iliac and/or para-aortic node involvement de- 
veloped distant metastases, whereas only 16% of those 
with only pelvic node metastases developed distant 
metastasis. | 

The role of postoperative radiotherapy in the man- 
agement of cervical carcinoma has not been extensively 
studied. In this series, postoperative radiotherapy for 
those with vascular invasion and/or deep invasion of 
the cervix and for those with microscopically involved 
nodes seemed to prevent local recurrence and improve 
the 2-year tumor-free survival rate. The 2- year NED 
rates for operation alone and for operation plus post- 
operative radiotherapy in the high-risk group were 
55% and 94%, respectively. The difference was sig- 
nificant at P = 0.05. Since the complication rate in 
those patients treated with the combined approach was 
not increased, our early observations suggest, there- 
fore, that postoperative radiotherapy is indicated in 
patients who have microscopically positive nodes, vas- 
cular invasion, and/or deep penetration of tumor in 
the radical hysterectomy specimen. This remains to be 
proved by randomized prospective study. In addition, 
if further studies confirm the risk of disseminated dis- 
ease in those patients with gross metastases to lymph 
nodes at laparotomy, adjuvant chemotherapy or im- 
munotherapy in addition to local irradiation should be 
considered in the future. 
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Clinicopathologic correlation 
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The extent and location of residual disease after radiotherapy in 91 patients with early invasive 
endometrial carcinoma was related to tumor grade, clinical stage, and outcome. In 20% the grade 
(according to the International Federation of Gynecology and Obstetrics) differed in curettage and 
hysterectomy specimens. In at least 12% the clinical stage was unreliable. Death from endometrial 
carcinoma was significantly more frequent in patients with residual disease after radiotherapy than 
in those without residual disease. The pcorest prognostic features were blood vessel invasion in the 
myometrium, irrespective of depth of invasion, and residual disease outside the uterus. Treatment of 
endometrial carcinoma should be based on accurate knowledce of prognostic features determined 
by initial surgery. (AM. J. OBSTET. GYNECOL. 138:557, 1980.) 


SINCE CARCINOMA of the endometrium is now the 
most common gynecologic malignancy in the United 
States,’ it is imperative that therapeutic methods be 
reassessed to determine the most effective treatment 
protocols. While there is clear evidence that radiation 
therapy has a role in the management of endometrial 
carcinoma, including the reduction of vaginal recur- 
rences,” the method and timing of radiation therapy 
remain controversial. 

Many reports have indicated that anaplastic, undrf- 
ferentiated, or grade 3 (according to the International 
Federation of Gynecology and Obstetrics) lesions carry 
poor prognoses.*~* Poor outcomes are associated with 
extensive disease found at hysterectomy, especially 
deep myometrial invasion, extension to the cervix, and 
extrauterine extension.“ ê 
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The purpose of this study was to compare the his- 
tologic characteristics and extent of disease determined 
by curettage and clinical examination with findings at 
operation, with and without preoperative radiation 
therapy, and to correlate this information with outcome. 


Material and methods 


The records of all patients with histologic diagnoses 
of carcinoma of the endometrium in the Kings County 
Hospital—State University Hospital Tumor Registry 
from 1951 to 1976 were reviewed. Patients whose 
diagnoses were established by fractional curettage, 
whose disease was staged clinically as I or II, and whose 
curettage and hysterectomy specimens were completely 
available for review were included in this study. Prior 
to 1971, the FIGO clinical stage’ was determined by 
chart review with particular emphasis on initial physical 
examination, laboratory findings, operative descrip- 
tion, and histologic report. 

Treatment. Two treatment methods were identified: 
(1) radiotherapy followed by operation and (2) opera- 
tion followed by radiation therapy. In the initial 
radiotherapy method, Stage I patients had intracavi- 
tary radium delivered by Heyman capsules when the 
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Table I. Histologic grade at curettage and hysterectomy . 





Grade All patients Curettage specimen 
Preoperative radiotherapy: 

Grade 1 62 (68%) 29 

Grade 2 22 (24%) 9 

Grade 3 7 (8%) 6 
Total 91 (100%) 44 
Initial operation: 

Grade 1 12 (60%) 10 

Grade 2 6 (30%) i 6 

Grade 3 2 (10%) 2 
Total ` 20 (100%) 18 


Table II. Histologic type at curettage and hysterectomy 


Histologic type All patients 
Preoperative radiotherapy: 
Papillary/glandular — 60. 29 
Adenoacanthoma 24 9 
Adenosquamous 2 l 
Anaplastic 5 5 
Total 91 44 
Initial operation: 
Papilary/glandular 12 1] 
Adenoacanthoma 6 5 
Anaplastic 2 2 
Total 20 18 
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Patients with disease at hysterectomy 





Cureitage specimen 


Hysterectomy specimen i 
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uterine cavity exceeded 8 cm and Fletcher Suit ap- 
plicators when the uterine cavity was less than 3 cm, 
followed by ovoids to the vagina. The dose from the two 
intracavitary applications, given 7 to 10 days apart, 
ranged from 6,000 to 8,000 mg hours. Total abdom- 
inal hysterectomy and bilateral salpingo-oophorectomy 
were performed 6 weeks after the radiotherapy. Stage 
II patients initially received external radiation therapy 
to the midplane of the pelvis via a cobalt-60 machine 
delivering from 4,000 to 5,000 rads through 15 by 15 
cm anteroposterior ports. This was followed immedi- 
ately by intracavitary radium and operation as for 
Stage I patients. Patients with extrauterine disease at 
operation received adjunctive chemotherapy. 

In the initial surgery method, all patients had Stage I 
disease. Total abdominal hysterectomy and bilateral 
salpingo-oophorectomy were fallowed in 10 to 21 days 
by radiotherapy. Before 1976, patients underwent op- 
eration first when there was a question of an accom- 
panying pelvic or abdominal mass. In 1976, there was a 
change in the treatment protocol for Stage I disease. 
All patients had initial total abdominal hysterectomy 


and bilateral salpingo-oophorectomy followed by ra- 
dium via vaginal ovoids delivering the same dose as ` 
above. Those with significant myometrial invasion, 
pelvic extension, and/or grade 3 histology were given 
additional pelvic radiation as outlined above. 

In both treatment methods, pelvic and para-aortic 
nodes were carefully palpated during laparotomy but 
were biopsied only if clinically suspicious. 

Review of pathology. All curettage and hysterec- 
tomy specimens were examined by three pathologist 
in the following manner. 

Diagnostic fractional curettage. The curettings were 


. classified according to the FIGO system into grade 1 


lesions exhibiting purely glandular or papillary growth 
pattern, grade 3 lesions characterized by .a predomi- 
nantly solid or anaplastic carcinomatous component, 
and grade 2 lesions which contained both. Only solid 
malignant growth patterns, not benign squamous 
(acanthomatous) metaplasia, were considered as evi- 
dence of higher grade lesions. In each case the acconi- 
panying endocervical curettage was examined for the 
presence of endometrial carcinoma and classified into 
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Table IJI. Disease status after radiotherapy by histology 


No residual disease Residual disease 





Histologic grade: 
Grade | 62 33 
Grade 2 22 13 
Grade 3 7 l : 
Total 91 47 
Histologic type: 
Papillary or glandular 60 31 
Adenoacanthoma 24 15 
Adenosquamous l 2 l 
Anaplastic 5 e 
Total : 9] 47 
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Percent with residual disease 


29 47 
9 41 
6 86* 

44 48 

29 48 
9 38 
l 50 
5 © 100 

44 48 


*There is significantly more residual disease in grade 3 lesions (p < 0.05 by Fisher’s exact test). 


two groups: those with definitive evidence of endome- 
trial carcinoma invading endocervical glands or stroma 
and those showing separate fragments of endometrial 
carcinoma mixed with benign endocervical glands and 
stroma. Both groups were classified as positive for en- 
docervica] involvement. 

All tumors were also examined for their major his- 
.tologic growth pattern and classified as either (1) papil- 
lary or glandular, (2) adenoacanthoma, (3) adeno- 
squamous, (4) predominantly anaplastic or solid, (5) 
secretory or mucin-producing, and (6) a combination of 
these. Adjacent benign endometrial tissue was exam- 
ined for the presence of cystic or adenomatous hy- 
perplasta, atrophy, and proliferative or secretory 
changes. 

Hysterectomy. Hysterectomy slides were evaluated for 
residual endometrial carcinoma, the histologic FIGO 
grade, and the histologic type. 

One hundred eleven patients met the criteria. Ninety- 
one patients received initial radiotherapy followed by 
hysterectomy, while 20 patients were treated by initial 
operation, followed by postoperative radiotherapy. 
Diagnosis was made before 1976 in 13 of the latter 
group; therefore these patients underwent initial op- 
eration because of accompanying abdominal or pelvic 
mass. Ten had leiomyomas of the uterus, two had ovar- 
ian metastases, and one had omental metastases. 


Results 


Histologic grade and type. We analyzed two treat- 
ment methods: preoperative radiotherapy followed by 
operation and initial operation followed by radio- 
therapy. 

Two thirds of each treatment group had FIGO grade 
I lesions while about 10% had grade 3 ‘esions (Table I). 
There was residual disease in the hysterectomy speci- 
men in 44 of the 91 patients (48%) treated with preop- 
erative radiotherapy and in 18 of 20 patients with initial 
operation (90%). In 82% of those receiving preopera- 


Table IV. Disease status after radiotherapy by stage 
and grade. 


l No. of | No residual | Residual | Percent with 
Stage | Grade | ceses disease disease | residual disease 


IA l 36 20 16 44 
2: 4 2 2 50 
3 3 — 3 100 
Total 43 22 21 49 
IB l 12 6 6 50 
2 5 3 2 40 
3 ] - ' | 100 
Total 18 9 9 50 
lI l 14 7 7 50 
2 13 8 5 39 
3 3 l 2 67 
Total 30 16 14 47 
Total—all 
stages 9] 47 44 48 . 





tive radiotherapy and 78% of those without preopera- 
tive radiation, the histologic grade was the same in the 
curettage anc hysterectomy specimens. The frequen- 
cies of higher and lower grades in the hysterectomy 
specimens were similar in both groups. The grade of 
the tumor was inaccurate in about 20% of the cases, but 
there was no evidence that radiation itself affected the 
grade of the tumor. In analyses that follow, histologic 
grade of the curettage specimen is used. 

In ‘Table II the histologic type of tumor in curettage 
and hysterectomy specimens is compared. The ana- 
plastic and adenosquamous lesions correspond to those 
classified as grade 3 in Table I. Three lesions classified 
as adenoacanthoma in the curettage were classified as 
glandular in the hysterectomy specimen after radio- 
therapy (7% change). All other cases had the same 
histologic type in both curettage and hysterectomy 


specimens. 


Residual disease after radiotherapy. 
Histology. Table III shows the disease status after 
radiotherapy according to histologic grade or type. 
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Table V. Site of residual disease by grade and stage 


Residual tumor in uterus only 


Grade 1 19 















Tatal with Extrauterine 
tumor in uterus disease Total 






6 (247%)* 23 2 (8%) 25 _4& 29 
Grade 2 3 S (50%) 5 1 (12%) 6 3 9. 
Grade 3 2 l 5 (60%) 2 3 (60%)t 5 i 6 
Total 24 2 (33%) 30 - 6 (17%) 36 | 8 44 
Stage IA Fi (31%) 14 2 (12%) © 16> 5 21 
Stage IB 4 4 (50%) 7 1 (12%) 8 l 9. 
Stage II 9 2 (25%) 9 3 (25%) + 12 2 14 
Total 24 12 (33%) 30 6 (17%) 36 8 44 


*Patients with extrauterine tumor are excluded from the denominator in all percentages. 
TSignificantly more patients with grade 3 tumors had vascular invasion (p < 0.05 by. Fisher's exact test). 


Table VI. Outcome by site of disease 







Cancer-related 
deaths 
Site of disease 
at hysterectomy 


the relations between grade, clinical stage of disease, 
and the distribution of residual disease in the pelvis in 
44 women (48%) with residual disease after radio- 
therapy. Eight women had disease outside the uterus. 
Among 36 women with residual disease confined to the 


A. No residual disease 47 3 6* corpus or cervix, there was a trend to more frequent 
B. Residual disease 44  '10 23* deep invasion with increasing histologic grade. There 
Extrauterine 8 3 38 i 3 

Uterus only 36 7 19 was also a trend to more frequent vascular invasion in 
Total 9] 13. 4 the myometrium with increasing histologic grade. 


C. Residual disease in uterus only 
Depth of invasion of myometrium : 
None 10 


There was no correlation between stage and either 
depth of invasion or frequency of vascular involvement. 


0 0 mere a ; 
<Half 14 3 9] Reliability of clinical stage. Six of 61 (10%) with 
> Half 12 4 93 clinical Stage I disease had extrauterine disezse after 

Total — 36 7 19 radiotherapy. In addition, two with disease confined to 
hast O a a 6 6 100} the uterus and negative endocervical curettage speci- 

Absent 30 ] 3+ mens had disease in the endocervix at hysterectomy. 
Total 36 7 19+ Thus, at least eight patients with clinical Stage I disease 


*Difference is statistically significant (p < 0.05 by chi- 
square test). 


+Difference is statistically significant (p < 0.01 by Fisher’s 
exact test). 


Forty-seven percent of grade 1 lesions and 41% .of 
grade 2 lesions had residual disease in contrast to 86% 
of grade 3 lesions. The difference between grade 3 and 
other lesions was statistically significant at the 5% level 
(p < 0.05 in Fisher’s exact test). Correspondingly, 45% 
of women with glandular or adenoacanthomatous cell 
types had residual disease compared to 50% of adeno- 
squamous and 100% of anaplastic lesions. 

Clinical stage. Table IV shows the disease. status by 
stage and grade in the 91 patients treated by radio- 
therapy. About 50% of each of Stage Ia, Ib, and II had 
residual disease after radiotherapy. Within each stage, 
grade 3 lesions were associated with a higher propor- 
tion of residual disease than grade 1 and 2 lesions.. 

Grade, stage, and extent of disease. Table V shows 


(13%) were inaccurately staged. The true proportion 
would be higher if radiation treatment destroyed 
tumor in the cervix or pelvis in some patients with pre- 
operative radiotherapy. In. the 20 clinical Stage I pa- 
tients treated by initial operation, three (15%) had ex- 
trauterine disease. 

Extrauterine disease was present in two of 30 pa- 
tients with clinical Stage II disease (7%). Again this rep- 
resents a minimum since pelvic radiation therapy may 
have destroyed some pelvic metastases. 

All 30 clinical Stage II patients had tumor in the 
endocervical curettings. However, in 13 (43% the en- 
dometrial carcinoma was detached from adjacent be- 
nign endocervical tissue with no evidence of invasion of 
endocervical glands. Only three (10%) had residual 
disease in the endocervix after radiotherapy. There- 
fore, the accuracy of assignment of Stage II depends 
on the accuracy of distinguishing endocervical and en- 
dometrial tissue in the fractional curettage. 

Follow-up and outcome. Thirteen of 91 patients re- 
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Table VII. Residual disease and outcome by grade 
and stage 


Extent of disease 

















Blood Cancer- 
vessel and/ relaied 
Residual or pelvic deaths in 


disease 2 years 


Grade 1 62 29 47 6 10 5 8 
Grade ? 22 9 4} 4 18 5 23 
Grade 3 7 6 86 4 57 3 43% 
Total 91 44 48 14 15 13 lI 
Stage IA 43 21 49 7 16 3 7 
Stage 1B 18 9 50 2 1} 3 17 
Stage II 30 14 47 5 17 7 23 
Total 9] 44 48 14 15 13 Ii 


*Grade 3 differs significantly from Grade 1 (p < 0.05 by 
Fisher's exact test). 


ceiving preoperative radiation and four of 20 patients 
who underwent initial operation developed recur- 
rences and died of endometrial carcinoma within 2 
years of diagnosis. No recurrences or deaths from 
cancer of the endometrium occurred between 2 and 5 
years after diagnosis. One patient died of postoperative 
complications; six died of other diseases within 5 years, 
and two died of unknown causes. Six patients were lost 
to follow-up within 5 years while seven patients with 
initial operation were not eligible for 5-year follow-up. 
Complete 5-year follow-up was achieved in 93% of pa- 
tients with preoperative radiation and in 65% of pa- 
tients with initial operation. 

Outcome by site of residual disease. Table VI shows 
the frequency of cancer-related deaths in 91 patients 
who received preoperative radiation, according to the 
site of residual disease. There were cancer-related 
deaths within 2 years in 6% of patients without residual 
disease compared to 23% of women with residual dis- 
ease. This difference is statistically significant at the 5% 
level (p < 0.05 by Fisher’s exact test). Cancer-related 
deaths were more frequent in patients with extraute- 
rine disease (38%) than in patients with residual disease 
confined to the uterus (19%). 

Thirty-six patients had the disease confined to the 
uterus. In 12 women, the tumor invaded more than 
half the depth of the myometrium and four (33%) sub- 
sequently died of disease. In 24 women, residual tumor 


- was confined to the endometrium or-invaded less than 


half the depth of the myometrium and three (13%) 
died of disease. Given these small numbers, the differ- 
ence in cancer-related deaths according to depth of 
invasion did not reach statistical significance. 

In 30 of 36 patients with residual disease confined to 
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Table VIII. Proposed surgical-pathologic staging of 
endometrial carcinoma 


Stage Criterion 
C Carcinoma in situ 
I The carcinoma is confined to the corpus, 


including the isthmus, and has involved 
less than half the depth of the myome- 


trium 

II The carcinoma has involved the endocervix 
or more than half the depth of the myo- 
metrium 

IILI The carcinoma has involved the blood ves- 


sels of the myometrium or has extended 
to other pelvic structures 

IV The carcinoma has extended outside the 
true pelvis or has involved the bladder or 
rectal mucosa 


the uterus, there was no invasion of blood vessels and 
only one cancer-related death (3%). Six women had 
vascular invasion in the myometrium and all died of 
cancer of the endometrium. Two of these had blood 
vessel invasion in the inner half of the myometrium but 
tumor invaded less than half the depth of the myome- 
trium. In the absence of blood vessel invasion, the pres- 
ence of residual disease in the myometrium (whether 
superficial or deep) did not carry a worse prognosis 
(3% cancer-related deaths) than the absence of residual 
disease (6% cancer-related deaths). 

Eight patients had extrauterine disease and 38% 
died of cancer. The frequency of cancer-related deaths 
shows that vascular invasion in the myometrium and 
extrauterine disease are the worst prognostic features. 

In the group of 20 women with initial’ operation, 
three (15%) had disease outside the uterus. There were 
subsequent cancer deaths in 33% of those with ex- 
trauterine disease, compared to 18% of those with dis- 
ease confined to the uterus. 

Site of recurrence. All three patients who had no 
residual disease after radiotherapy and subsequently 
died of cancer had distant metastases, but no evidence 
of pelvic recurrence. Among the 10 patients who had 
residual disease and subsequently died, eight devel- 
oped recurrence in the pelvis and two developed dis- 
tant metastases with no evidence of pelvic recurrence. 
In the initial operation group, three of four patients 
who developed recurrence and died had distant metas- 
tases but no evidence of pelvic recurrence. 

Grade or stage correlated with extent of disease and 
outcome. Table VII correlates the initial characteristics 
of the tumor—grade and stage—with the outcome, 
cancer-related deaths, and the intervening variable, ex- 
tent of disease as measured by (1) residual disease after 
radiotherapy and (2) presence of blood vessel invasion 
or extrauterine disease. 
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As described before, grade 3 lesions were associated 
with significantly more residual disease than either 
grade 1 or 2. Moreover, the features with the poorest 
prognosis (vascular invasion and extrauterine spread) 
increased in frequency with grade, as did cancer- 
related deaths. 

There were no comparable trends with stage of dis- 
ease. The slight trend toward more trequent deaths in 
Stage II was not statistically significant, given the small 
numbers involved. 

In the 20 patients with initial operation, there were 
cancer-related deaths in 10% of grade 1, 33% of grade 
2, and 50% of grade 3 tumors. There were cancer- 
related deaths in 20% of patients with Stage IA lesions 
and in 25% of those with Stage IB lesions. These few 
data tend to support the findings in the group with 
preoperative radiation, but the numbers are inade- 
quate for firm statistical evaluation. 


Comment 


This report demonstrates clearly the unreliability of 
the clinical staging of endometrial carcinoma. At least 
10% to 15% of Stage I disease and at least 7% of Stage 
II disease was understaged. In addition, some Stage II 
disease might have been overstaged, since in 40% the 
allocation to Stage II was made on the basis of en- 
docervical curettings in which there was no invasion of 
the endocervical glands. Since radiotherapy may eradi- 
cate disease in the cervix, the accuracy of the en- 
docervical curettage could not be assessed. This unre- 
liability’in staging explains, in part, why there was no 
consistent relation between stage of disease and the ex- 
tent of disease found at operation or between clinical 
stage and cancer deaths. Murthy and colleagues? re- 
ported that about 9% of Stage I disease may be under- 
staged. On the basis of pelvic node involvement, Lewis 
and colleagues’? reported that 19% of Stage I disease 
was understaged, while Morrow and colleagues’ re- 
ported that 11% of Stage I and 37% of Stage II disease 
may be understaged. 

Inconsistency was also found in the FIGO histologic 
grade, with 20% assigned to different grades in the 
curettage and hysterectomy specimens. Since this in- 
consistency occurred to the same extent in those with 
preoperative radiotherapy and in those with initial op- 
eration, there is no evidence that the radiation therapy 
itself affects the grade of the tumor. However, there 
was inconsistency in the histologic type in only 2% and 
none in the anaplastic or adenosquamous lesions. His- 
tologic type is evidently a more reliable characteristic 
than FIGO grade. 

This study demonstrates that in most cases with poor 
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outcomes, features indicating this were present at op- 
eration. Anaplastic lesions were associated with more 
extensive disease and higher mortality rates. The pres- 
ence of residual disease after radiotherapy significantly 
increased the frequency of recurrence and death from 
6% to 23%. The presence of residual disease in the 
uterus alone increased the frequency of recurrence 
and death from 6% to 19%. However, in this series the 
most significant prognostic features were disease that 
invaded the blood vessels of the myometrium (deaths 
in 100%), disease outside the uterus (deaths in 38%), 
and deep myometrial invasion (deaths in 33%). The 
latter feature did not reach statistical significance in this 
series, probably because of the small numbers, but its 
prognostic significance has been reported in other 
studies.4~-® Since vascular invasion increased in fre- 
quency with depth of invasion, the former rather than 
the latter may be the more significant variable. Im the 
absence of these poor prognostic features, the mortal- 
ity rate was no higher in patients with residual disease 
than in those without, a finding consistent with a study 
by the Gynecologic Oncology Group.” 

These findings suggest the need for adjunctive pelvic 
radiation and/or chemotherapy for all patients with 
poor prognostic features at operation, as well as for 
patients with anaplastic lesions. 

The fact that half the patients in this series still had 
cancer after rad:otherapy stresses the limits of zhis mo- 
dality in the treatment of endometrial carcinoma. Re- 
sidual disease was present even in the endometrium 
and inner myometrium, which should have been most 
proximal] to the intracavitary radiation source. Lewis 
and co-workers’! demonstrated that deep myometrial 
invasion sometimes disappeared with preoperative 
radiation, with a concomitant loss of prognostic infor- 
mation. In this series there were four patients without 
poor prognostic features in the irradiated hysterec- 
tomy specimen who, nonetheless, died of cancer. This 
and the unreliability of clinical staging make it evident 
that appropriate treatment must be based on accurate 
knowledge of the extent of disease and other prognos- 
tic factors in the unirradiated specimen. A further ad- 
vantage of initial operation is that hysterectomy alone 
may prove adequate for patients with small, low-grade 
lesions, such as the two in this series that were com- 
pletely removec by curettage. 

All these factors have. led us to favor initial operation 
followed by radiotherapy in the treatment of early en- 
dometrial carcinoma. Initial operation allows the accu- 
rate assessment of endocervical involvement, length of 
the uterine cavity, depth of myometrial invasion, blood 
vessel invasion, volume of tumor in the corpus, pelvic 
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spread, and pelvic and para-aortic lymph node in- 
volvement. 

A proposed scheme for pathologic staging of endo- 
metrial carcinoma based on findings at initia] operation 
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is presented in Table VIII. Based on this scheme, post- 
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and adjunctive chemotherapy may be initiated earlier. 
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Steroid secretion by the postmenopausal ovary 


CHRISTOPHER LONGCOPE 
RICHARD HUNTER 
CHARLENE FRANZ 


S hrewsbury and Worcester, Massachusetts 


The concentrations of certain steroids in arterial and ovarian venous blood were measured in 42 
postmenopausal women undergoing hysterectomy for uterine disease. A concentration gradient 
across the ovary was found for testosterone in 21 women, for androstenedione in 16, for estradiol in 
15, for estrone in 8, and for dehydroepiandrosterone in 3. On the basis of postulated ovarian blood 
flow the gradient would result in a major contribution to the blood production rate for testosterone in 
about 50% of women and for estradiol in less than 20%. For androstenedione, 
dehydroepiandrosterone, and estrone the gradients did not signify important ovarian secretion. 
There was no evidence for secretion of dihydrotestosterone, estrone sulfate, or 
dehydroepiandrasterone sulfate. There were no apparent clinical correlates to indicate in which 
women the ovary was secreting steroids. (AM. J. OBSTET. GYNECOL. 138:564, 1980.) 


IN PREMENOPAUSAL WOMEN, circulating estradiol 
and estrone arise almost entirely as a result of ovarian 
secretion,’ * although some estrone enters the blood asa 
result of peripheral conversion of androstenedione." ? 
Measurements of ovarian vein steroid levels in small 
groups of postmenopausal women have indicated that 
the postmenopausal ovary does not secrete estrogens‘ 
but rather androgens. The small amounts of estrogen 
that persist in peripheral blood have been postulated to 
arise entirely from the peripheral conversion cf the 
ovarian and adrenal androgens.* ° However, in recent 
measurements of estrogen blood production rates in 
postmenopausal women, we found a number of women 
in whom peripheral androgen conversion could not 
explain the entire amount of estrogen.* Others® also 
have noted the same discrepancy between estrogen 
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production rates and the androgen contribution to 
these rates. 

We felt it possible that in some women ovarian estro- 
gen secretion might continue after the meropause. 
Therefore, we measured arterial vein and ovarian vein 
blood levels of several steroids in postmeropausal 
women. Our findings are not in full agreement with 
previous studies but suggest a spectrum of ovarian 
function in postmenopausal women. 


Material and methods 


All subjects were women who had had no regular 
menstrual cycles for at least 14 months prior to opera- 
tion and were undergoing operation for uterine dis- 
ease, usually endometrial carcinoma. The mean age 
(+SE) of the women was 62 + 1 year, the mean num- 
ber of years after menopause was 12 + 1, and the mean 
body weight was 153+ 7 pounds. Fourteen of the 
women had received estrogen therapy prior to opera- 
tion but none in the month before operation. At the 
time of operation 2 to 5 ml blood samples were col- 
lected from a radial] or ovarian artery and from veins 
draining both ovaries. The blood samples were cen- 
trifuged, and the plasma was harvested and stored fro- 
zen until analyzed. Samples were analyzed ky radio- 
immunoassay for estrone,’ estradiol,’ testosterone,’ 
5a-dihydrotestesterone,’ and androstenedione’ in 42 
subjects and for estrone sulfate, dehydroepiandros- 
terone sulfate, and dehydroepiandrosterone® in 10 of ` 
these subjects. 
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Fig. 1. Concentrations of estrone (picograms per milliliter), estradiol (picograms per milliliter), 
testosterone (nanograms per milliliter), and A*-androstenedione (nanograms per milliliter) in arterial 
(Art., e) and ovarian (ov., o) vein blood of all subjects. 


All samples from one subject were always measured 
in the same assay. 


Results 


The assays used in these studies have intra-assay co- 
efficients of variation of <12%. We considered the 
venous-arterial difference was significant if it exceeded 
the sum of each concentration multiplied by two times 
the maximal coefficient of variation, i.e., a gradient was 
considered as significant if the following were satisfied: 
V-A > 0.24A + 0.24V, where A = arterial concentra- 
tion and V = ovarian vein concentration. 

Steroid concentrations in arterial ane ovarian plasma 
are shown in Figs. 1 and 2. 

Of the 42 samples examined, gradients were found 
in eight for estrone, in 15 for estradiol, in 16 for At- 
androstenedione, in 21 for testosterone, and in three 
for dehydroepiandrosterone. We were not able to 
demonstrate a gradient for dihydrotestosterone, es- 
trone sulfate, or dehydroepiandrosterone sulfate in 


any of the samples measured although gradients for 


one or more of the previous steroids were noted in 
seven of these. 


Of the 42 women studied, 27 (Table I) had a sig- 


nificant gradient for one or more steroids. Only two 
women had a gradient for estrogen and not androgen 
and in both cases the gradient was for estradiol. Eleven 
subjects showed a gradient for androgen and not es- 
trogen. The gradient was for testosterone only in five 
of these, for A*-androstenedione only in two, and for 
both in four. Gradients were found for these four 
major steroids in only four subjects. When analyzed by 
the chi-square test, previous hormone therapy was not 
a significant factor as to the presence or absence of a 
gradient. l 

-In 20 of the 27 subjects the gradient was bilateral and 
in the other seven a gradient could be detected across 
only one ovary. 

The overall mean (+ SE) arterial concentration for 
estrone was 39 + 4 pg/ml. In the eight subjects in 
whom a gradient was found, the mean concentrations 
in the arterial and ovarian venous plasma samples were 
30 + 6 and 162 + 44 pg/ml, respectively. l 
. For estradiol, the overall mean arterial concentration 
was 24 + 2 pg/ml. In the 15 subjects in whom a gra- 
dient was found the mean concentrations in the arterial 
and ovarian venous plasma sampies were 24 + 4 and 
344 + 244 pg/ml, respectively. 
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Fig. 2. Concentrations of dihydrotzstosterone (DHT, nano- 
grams per milliliter), dehydroepiandrosterone (DHA, nano- 
grams per milliliter), dehydroepiandrosterone sulfate (DHAS, 
micrograms per milliliter), and estrone sulfate (E,S, picograms 
per milliliter) in arterial (A, e) and ovarian (O, 9) vein blood. 


The overall mean concentration of testosterone in 
arterial plasma was 0.27 + 0.03ng/ml. In the 21 subjects 
in whom a gradient could be demonstrated the mean 
values in arterial and ovarian venous blood samples were 
0.32 + 0.05 and 3.53 + 1.05 ng/ml, respectively. 

For A*-androstenedione and overall mean concen- 
tration if arterial plasma was 1.07 + 0.10 ng/ml. In the 
16 subjects in whom a gradient was found the mean 
concentrations in arterial and ovarian plasma were 
1.45 + 0.26 and 3.52 + 0.76 ng/ml. 

In three subjects a gradient was noted for dehy- 
droepiandrosterone. In these subjects the arterial con- 
centrations were 0.8, 2.1, and 2.3 ng/ml and the ovar- 
ian vein concentrations were 3.1, 3.6 and 4.6 ng/ml, 
respectively. All these subjects also had gradients for 
testosterone. and/or androstenedione. . 

For dihydrotéstosterone, estrone sulfate, and dehy- 
droepiandrosterone sulfate (Fig. 2) no significant gra- 
dients could be found. The mean concentrations in ar- 
terial and ovarian plasma for each steroid were 0.14 + 
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0.01 and 0.14 + 0.01 ng/ml, 284 + 55 and 249 + 45 
pg/ml, and 0.28 + 0.05 and 0.26 + 0.04 ug/ml, re- 
spectively. | 


Comment 


According to our data some but not all post- 
menopausal ovaries secrete estrogens and androgens. 
In our series a gradient in steroid concentration across 
the ovary was noted in 65% cf the subjects. However, 
only a few (10%) of the patients showed a gradient for 
all four major steroids. Whether the conditions under 
which the blood samples were obtained could play a 
role in this is uncertain. Stress has been noted to de- 
crease the testicular secretion of steroids,’ so it is possi- 
ble our data slightly underestimated the degree of the 


gradient and perhaps the number of subjects who 


would show a gradient. Under somewhat similar oper- 
ative conditions, a significant gradient was found in 
100% of a group of premenopausal subjects,® so it is 
unlikely that our results showing the presence or ab- 
sence of gradients are influenced to a major degree by 
the operative conditions: . 
It should be noted, however, that the mean values 
for estrone, estradiol, testosterone, and androstenedi- 
one were all somewhat, but not significantly, higher 
than values found in a large group of postmenopausal 
women.-This is probably secondary to the stress of op- 


eration, which causes an increase in androstenedione 


secretion from the adrenal and a secondary rise in the 
other steroids as a result of peripheral conversion.’ 
The majority of our subjects had endometrial carci- 
noma. However, there appears to be no significant dif- 
ference in circulating levels’ or production rates" of 
androgens and estrogens between postmenopausal 
women with endometrial carcinoma and normal post- 
menopausal women of similar weights. Therefore, it is 
probable that our findings would not be influenced by 
the uterine disease per se. 

The mean weight of our patients was 153 + 7 
pounds and the mean height was 64 + 1 inch. There- 
fore, they were at least 20% overweight, and while 
adipose tissue can influence the aromatization of an- 
drogens,™ its effect on ovarian secretion is not clear. 
However, the mean weight of our patients with a gra- 
dient (150 + 7 pounds) was not different (p > 0.1) 
from the mean weight of our patierits without a gra- 
dient (159 + 15 pounds). Therefore, it would appear 
that in our series the presence or absence of a gradient 
was not influenced to any major degree by the degree 


- of adiposity. 


Steroids are associated with red cells,! ‘and Holzbauer 
and Vogt noted that the venous-arterial gradient 
across the adrenal for aldosterone was greater in whole 
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Table J. Stercid concentrations in women in whom a concentration gradient was found across the ovary 


Testosterone ® Androstenedione Estradiol 
(ng/ml) (ng/ml) (pglmi) 





Estrone 
(pg/ml) 









Subject 
l 0.24 11.08 0.27. 2.66 10 38 14 26 
2 0.19 5.54 NS* 22 549 19 446 
3 0.31 5.32 bol) 3.43 24 4] NS 
4 0.22 4.00 0.92 3.24 NS NS 
5 0.05 0.25 — — NS NS 
6 0.28 1.37 0.57 4.74 NS NS 
7 0.22 2,77 NS NS NS 
8 0.20 0.59 NS . NS NS 
9 0.35 0.86 NS NS NS 
10 0.19 2.93 0.81 3.22 50 99 38 135 
11 0.44 0.90 0.41 1.81 _ 20 44 39 105 
12 0.17 0.76 — — 29. * 353 66 185 
13 0.55 1.56 2.40 5.55 62 119 NS 
14 0.42 1.18 1.52 2.42 30 52 NS 
15 0.23 1.05 ‘NS 28 62 NS 
16 0.43 7.32 1.80 13.23 10 24 NS 
17 0.21 0.43 NS NS NS 
18 1.20 20.71 1.26 5.68 26 3444 30 177 
19 0.33 4.44 NS 13 40 NS 
20 0.11 0.23 0.94 3.14 NS NS 
21 0.39 0.85 1.05 4.42 NS NS 
22 NS 0.58 2.23 12 231 13 129 
23 NS NS 1] 23 NS 
24 NS NS NS 22 95 
25 NS 0.75 2.96 16 48 NS 
26 NS 0.56 1.33 NS NS 
27 . NS 1.58 . 3.53 NS NS 


*NS = Arterial and ovarian concentrations were not significantly different, i.e., O-A < 0.240 + 0.24A. 


blood than in plasma. However, in several subjects we 
measured both blood’and plasma concentrations and 
no differences in the presence or amount of the gra- 
dient were found. We feel, therefore, that the use of 
plasma concentrations gives meaningful data as to 
gradients and their importance. 

It has been postulated that there is a diminution in 
Ovarian function as the time from menopause in- 
creases. If this were so, then we would have expected to 
find that women with gradients were younger than 
those without. However, the mean age of the subjects 
with ary type of gradient was 63 + 1 year, which is not 
significantly different from those without such a gra- 
dient, whose mean age was 61 + 2 years. Therefore, 
there i3 no apparent relationship between the age of 
the subject and the presence of a gradient. 

We found, as others have found,* zhat more post- 
menopausal ovaries show a gradient for androgens, 
especially testosterone, than for estrogens. This is 
probably related in part to the lack of follicles in post- 
menopausal ovaries, since the stroma is capable of 
synthesizing androgens, but the bulk of estrogen syn- 
thesis appears to take place in the granulosa." Most 
postmenopausal ovaries probably contain few function- 
ing folicles.** 


Compared to the mean gradients noted in the pre- 
menopausal women (1,089 and 10,405 pg/ml and 
7¢.85 ng/ml for estrone, estradiol, and androstenedi- 
ore, respectively’), the gradients noted in our group 
(132 pg/ml and 320 pg/ml and 2.9 ng/ml) were consid- 
erably lower, but the gradients for testosterone (3.5 
ard 3.2 ng/ml) were similar for the premenopausal and 
pestmenopausal groups, respectively. It would appear, 
therefore, that in postmenopausal women ovarian tes- 
tosterone secretion is more often maintained but the 
secretion of estrone, estradiol, and androstenedione 
decreases to a considerable degree. 

The presence of a concentration gradient across the 
ovary is necessary to show that the ovary is secreting 
steroids. However, in order to calculate the amount of 
steroid secreted, one must know the blood flow of the 
ovary, and there are few data available for this. Baird 
and Fraser* calculated an ovarian plasma flow of 60 
Liday in premenopausal women, but it is not clear 
whether the ovarian plasma flow in postmenopausal 
women would be similar to that. However, using that 
figure and the mean value for the A-V difference in 
women with a gradient, we calculated maximal ovarian 
secretion rates of 8, 19, and 180 g/day and 0.1 ng/day 
for estrone, estradiol, testosterone, and androstenedi- 
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one, respectively. We do not know the production rates 
of steroids in these particular women, but using mean 
values reported previously? we calculated that even 
when a gradient exists for estrone, androstenedione, 
and dehydroepiandrosterone across the ovary the 
Ovary is not an important source of these steroids. 
However, it would appear that the gradients noted for 
estradiol and testosterone refiect ovarian secretion 
which could be important to the overall production 
rate of these steroids. As noted, however, ovarian es- 
tradiol production would be important in less than 20% 
of our group whereas close to 50% of the women would 
have ovaries secreting major amounts of testosterone. 

Our conclusions are somewhat at variance with those 
noted by Judd and associates,* who found only a small 
gradient for estradiol in two of five subjects and thus 
concluded that the postmenopausal ovary is not capa- 
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- ble of major estradiol secretion. We believe chat the 


explanation for our different conclusions lies in the 
larger number of patients studied. Vermeulen’® also 
concluded that the postmenopausal ovary was not an 
important source of estrogens, but he used indirect 
means and did not measure ovarian vein steroid con- 
centrations. 

We found no evidence in our subjects for ovarian 
secretion of estrone sulfate, dihydrotestosterone, or 
dehydroepiandrosterone sulfate, which is net unex- 
pected since the premenopausal ovary does not secrete 
important amounts of these steroids. 

We were not able to differentiate the secretcry from 
the nonsecretory ovary on clinical grounds. Therefore, 
the ovary must be considered a potential source of es- 
tradiol and testosterone in all postmenopausal women. 
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Presence of gap junctions in the myometrium of 
women during various s stages of menstruation 
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Myometrial tissues from 36 women who underwent hysterectomy at various stages of the menstrual 
cycle were examined in the electron microscope for the presence ‘cf gap junctions. Gap junctions 
were present between smooth muscle cells in some of the tissues from women with dysmenorrhea, 
during menstruation and at other times. The suggestion is made that gap junctions may form 
between myometrial cells in nonpregnant women in response to physiologic or pathologic stimuli, 
‘such as the production of prostaglandins, -and the presence of the contacts may result in 
‘contractions of the uterus. (Am. J. OBSTET. GYNECOL. 138:569, 1980.) 


GAP JUNCTIONS are present in increased frequency 
between smooth muscle cells of the myometrium of 
rats, sheep, guinea pigs, and human beings during 
labor ‘and parturition.*~’ These ‘specialized cell-to-cell 
contacts are thought to lower the impedance to the flow 
of current between cells, and their presence to result 
in coordinated and synchronized muscle activity.*~’ 
Changes in the levels of steroid hormones and prosta- 
glandins are thought to initiate the formation of gap 
junctions.*~7 l 
Menstruation and ovulation are known to be pre- 
ceded and controlled by changes in estrogens, proges- 
terone, and prostaglandins.: 91? Menstruation is fre- 
quently accompanied by painful contractions of the 
muscles of the uterus (dysmenorrhea). These contrac- 
tions can be alleviated by treatment with drugs that 
-inhibit the synthesis of prostaglandins.” 13-15 
The purpose of this study was to quantitatively exam- 
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ine myometrial tissues from nonpregnant women who 
underwent hysterectomy at various times during the 
menstrual cycle. Gap junctions were found in some 
women during menstruation and at other times in the 
cycle. The presence of the junctions may be related to 
meristruation, ovulation, and various pathologic or gy- 
necologic conditions. 


_ Material and methods 


Small segments (2 cm by 2 mm by 5 mm) of 
myometrial tissues from the fundus of the uterus were 
obtained from women who underwent hysterectomy 
for a variety of medical reasons. The tissues were fixed 
in glutaraldehyde (2% glutaraldehyde + 4.5% sucrose 
1.5 mM CaCl in 75 mM sodium cacodylate buffer, pH 
7.4) for 2 to 24 hours. After the initial fixation, lon- 
gitudinal strips were cut from the outer portion of the 
original tissues, washed in buffer for 60 minutes, and 
postfixed in.2% osmium tetroxide (in cacodylate buffer 
50:mM, pH 7.4) for 90 minutes. All tissues were stained 
en bloc with saturated uranyl acetate solution for 30 
minutes. The tissues were dehydrated in graded 
ethanols and embedded in Spurr resin. The tissues 
were oriented in molds so that the muscle cells could be 
cut in transverse orientation. Sections of the muscle 
were cut on a Porter-Blum (MT2-B) ultramicrotome 
and mounted on 200 mesh grids and stained with lead 
citrate. 

All tissues were examined in a Philips electron micro- 
scope (Model 301). To quantitate the presence of gap 


juactions, 20 to 22 nonoverlapping photographs from 


each tissue were taken of one section overlying several 
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Table I. Presence of gap junctions (GJs) in nonpregnant women during various stages of menstrual cycle* 













Days from 
startof LNMP _ 





Menses 


8-S 
10-11 
12-13 





Ovulation 14 
15-16 


m KD BS O NO mm GE CS OS 





17-18 
19-20 
21-22 

: . 23-24 
25-26 
27-28 
29-30 
31-32 
33-34 
35-36 
37-38 
39-40 
>41 

Irregular 
Total 


> 
losses py L EEA 






No. of 
women 


with G Js 


Length of men- 
brane surveyed { um) 









920 


1,298 
1,746 
1,576 
1,917 


832 
3,379 
1,055 

871 
3,786 
3,111 


un bui put 


acs . 


*The number of gap junctions (No. of GJs) found in a series of electron micrographs taken of each tissue (20 to 22 photographs) 
from 36 women who underwent hysterectomy at various times after start of last normal menstrual period (LNMP). Length of mem- 
brane surveyed refers to total length of smooth muscle cell membrane measured in photographs for women at each time. 


grid squares. Lengths of smooth muscle cell membrane 
surveyed for each tissue were determined from the 


series of photographs printed at a final magnification ` 


of x 33,000. The smooth muscle cell membrane length 
was estimated as described previously* by superimpos- 
ing a transparent grid over each photograph. Gap 
junctions were identifed as membrane structures with 
either five lines or seven lines in photographs or nega- 
tives enlarged to X 100,000 magnification. 

All relevant information on each patient, as to age, 
medications used, obstetric and gynecologic history, 


including menstrual status, was obtained and recorded . 


on clinical data forms. This project was approved by 
the Ethics Committee of the respective institutions con- 
cerned. ) 


Results 


Tissues from 36 women in various stages of the 


menstrual cycle were examined in this study (Table I). 
There were tissues from 12 women in which at least 
one gap junction was found between muscle ceils in the 
series of photographs. 

There were seven women who were menstruating 


when the tissues were collected (days 1 to 7 of the 
menstrual cycle, Table I). Gap junctions were found in 
tissues from three of these women. The junctions were 
present in tissues from two of three women taken at the 
predicted time of ovulation (days 14 to 16 of the cycle). 
Gap junctions were also found in tissues from some 
women who had irregular menstrual periods and . 
whose menstrual cycles were extended. 

Table II gives a brief description of four women 
from whom tissues were obtained and found to contain 


a high frequency of gap junctions (range from 6 to 12 


gap junctions per 1,000 um of membrane surveyed). 
Two of the women (Nos. 504 and 482) were menstruat- 
ing, and two (Nos. 449 and 327) reported irregular 
periods, Three of the women (Nos. 504, 327, and 449) 
suffered from severe to moderate dysmenorrhea. No 
dysmenorrhea was noticed by one woman (No. 482) 
who.had started menstruating | day before the tissue 
was obtained. 

. Figs. 1 through 4 are electron micrographs of 
myometrial tissues from two of the women in this 
study. Fig. l is a low-magnification micrograph of 
many smooth muscle cells in transverse section. Two 
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Fig. 1. Patient (No. 059), 42 vears old, with irregular menstrual periods, dysmenorrhea, and 
pathologic findings of severe dysplasia. Low-magnification electron micrograph showing profiles of 
uterine smooth muscle cells in transverse orientation. (x 3,400.) 


gap junctions between smooth muscle cells from pa- 
tient No. 504 (Table II) are shown in Fig. 2. At high 
magnification, the seven-lined appearance of the gap 
junction is evident (Fig. 3). The organization of con- 
tractile filaments within a smooth muscle cell is shown 
in Fig. 4. 


Comment 


Our findings show conclusively that gap junctions 
are present between smooth muscle cells of the uterus 
in nonpregnant women, but do not show unequivocally 
that the junctions are present at any particular time 
during the menstrual cycle. Although the junctions 
were present in some women during menstruation, at 
predicted times of ovulation, and at other times (Table 
1), these findings may be fortuitous rather than related 
to any physiologic changes occurring during these 
times. 

In most of the tissues, gap Junctions were present in 
very low frequency. The fact that no gap junctions 
were found in tissues from 24 women (Table I) may 
reflect a scarcity rather than a total absence. That gap 
junctions were present in high frequency in tissues 
from four women (Table H) may be related to the 


Table II. Women with high frequency of gap 
junctions (GJs) between smooth muscle cells of 
myometrium* 





Patient No. 

504 Age 39 years 
Found 8 G]s in 785 ym membrane 
Start LNMP 7 days 
Severe dysmenorrhea 
Large myomatous uterus 

327 Age 50 years 
Found 10 GJs in 832 um membrane 
Start LNMP 34 days; irregular menstruation 
Severe dysmenorrhea; bed rest 
Endometriosis posterior aspect of uterus 

449 Age 27 years 
Found 7 GJs in 1,032 ym membrane 
Start LNMP 36 days; irregular menstruation 
Moderate to severe dysmenorrhea 
Severe dysplasia 

482 Age 36 years 
Found 7 GJs in 1,157 ym membrane 
Start LNMP | day 
No dysmenorrhea 
No pathologic condition 


*Brief description of four women from whom tissues were 
obtained and found to contain many gap junctions between 
myometrial smooth muscle cells. Shown are age of patients, 
number of gap junctions (GJs) found in length of membrane 
surveyed, time from start of last normal menstrual period 
(LNMP), history of dysmenorrhea, and pathologic condition. 
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Fig. 2. Patient No. 504 (see Table ID). Intermediate-magnification electron micrograph of portions of 
two myometrial smooth muscle cells with two g 


(x 34,000.) 





‘nt between the cells. 





ap Junctions (arrows) pres 





Fig. 3. Patient No. 504, Electron micrograph of gap junction at high magnification showing seven- 
lined appearance of the contacts. (X 105,000.) 
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Fig. 4. Same patient as in Fig. 1. Portion of uterine smooth muscle cell at high magnification showing 
actin (small arrows), myosin (large arrows), and intermediate (double arrows) filaments. (x 60,000) 


probability of finding the junctions in any tissues where 
they exist in low frequency. 

Gap junctions are thought to be areas of intercellular 
communication between cells.* In the myometrium, 
these cell-to-cell contacts are present in high frequency 
in pregnant animals just prior to, during, and imme- 
diately after parturition.*”"* The junctions are thought 


to synchronize and coordinate the muscle activity of 


labor.* In experimental animals and human beings, the 
changes in estrogen, progesterone, and prostaglandins 
which precede labor are thought to initiate the forma- 
tion of gap junctions.” 7 Estrogen stimulates the for- 
mation of gap junctions, whereas progesterone and 
prostaglandin inhibitors prevent the formation of gap 
junctions.* © 7 The findings of the present study do not 
necessarily support the above-mentioned mechanism 
for control of the formation of gap junctions. 

The changes in the synthesis of steroid hor- 
mones” ' 1? and prostaglandins’ ' which accompany 
menstruation and ovulation may stimulate the forma- 


tion of gap juncuons and lead to muscle activation and 
dysmenorrhea. Concentrations of prostaglandins in the 
uterus are elevated in women with dysmenorrhea.* } 
Agents which inhibit the synthesis of prostaglandins 
have recently been shown to give relief from the pain of 
dysmenorrhea.* '*"'® These agents may prevent the 
formation of gap junctions between myometrial cells in 
association with changes in the levels of prostaglandins. 

Gap junctions were found in some of the tissues in 
this study from menstruating women (Table 1), and in 
some cases the Juncuions were associated with dysmen- 
orrhea (Table H). The presence of gap junctions at 
other umes may be related to various pathologic con- 
ditions or gynecologic problems from which these 
women suffer. All of the assues examined in this study 
were from women who underwent hysterectomy for 
some problem related to the uterus. Thus, the presence 
of gap junctions in these tissues may not exactly corre- 
spond to what occurs normally under physiologic con- 
ditions. It should be noted that gap junctions are not 
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normally present in myometrial tissues from nonpreg- 
nant animals, but they do develop when the same tis- 
sues are incubated in vitro. t7 

The findings of this study suggest a possible ana- 
tomic basis for activation of uterine smooth muscle dur- 


ing the menstrual cycle and an approach to control of 


these events. Further studies are needed to define the 
role of gap junctions in the myometrium as related to 
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dysmenorrhea and other gynecologic or pathologic 


conditions. P 


We thank Jeanette Zeagler and Debbie Merrett for 
their expert technical assistance, and Connie Leija, 
LVN, for her help in obtaining the specimens and clin- 
ical data. 
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Although the evidence must be considered preliminary, one Study suggests that cyclic 
administration of low doses of estrogen may carry less risk than continuous administra- 
tion:* it therefore appears prudent to utilize such a regimen. Close clinical surveillance of 
all women taking estrogens is important. In all cases of undiagnosed persistent or 
recurring abnormal vaginal bleeding. adequate diagnostic measures should be under- 
taken to rule out malignancy, There is no evidence at presant that “Natural estrogens are 
more or fess hazardous than a estrogens at equiestrogenic doses. 

2. ESTROGENS SHOULD NOT BE USED DURING PREGNANCY 

The use of female sex hormones, both estrogens and progestogens. Guring early 
pregnancy may seriously damage the offspring. It has been shown that females exposed 
in utero to diethylstibestrol, a non-steroidal estrogen, have an increased risk of 
developing in later life a form of vaginal or cervical cancer that is ordinarily extremely 
rare”. This risk has been estimated as not greater than 4 per 1000 Exposures.’ 
Furthermore, a high percentage of such exposed women (from 30 to 90 percent) have 
been found to have vaginal adenosis,3-'? epithelial changes of the vagina and cervix, 
Although these changes are histologically benign. it is not known whether they are 
precursors of malignancy. Although similar data are not available with the use of other 
estrogens, it cannot be presumed they would not induces: milar changes. Several reports’ 
suggest an association between intrauterine exposure to female sex hormones and 
congenital anomalies, including congenital heart detects and limb reduction 
defects '?-'® One case control study’* estimated a 4.7-fo‘d increased risk of limb 
reduction defects in infants exposed in utero to sex hormones (oral contraceptives, 
harmone withdrawal tests for pregnancy, or attempted treatment for threatened abor 
tion). Some of these exposures were very short and invoived orly a few days of treatment. 
The data suggest that the risk of limb reduction detects in exposed fetuses is somewhat 
tess than 1 per 1000. in the past, female sex hormones have been used during pregnancy 
in an attempt to treat threatened or habitual abortion. There is considerable evidence 
that estrogens are ineffective for these indications, and there is no evidence from well 
controlled studies that progestogens are effective for these uses. If PREMARIN is used 
during pregnancy, or if the patient becomes pregnant whrle taking this drug. she should 
be apprised of the potential risks to the fetus. and the edvisability of pregnancy 
continuation. 







































DESCRIPTION: PREMARIN (Conjugated Estrogens Tablets, U.S.P) for oral administration 
contains a mixture of estrogens, obtained exclusively from natural sources, blended to 
represent the average composition of material derived from pregnant mares’ urine. Itcontains 
estrone, equilin, and 17a-dihydroequilin, together with smalier amounts of 17a-estradiol, 
equilenin, and 17a-dihydroequilenin as salts of their sulfate esters. 


INDICATIONS: Based on a review of PREMARIN Tabiets by the Nationa! Academy of 
Sciences ~ National Research Council and/or other information, FDA has classified the 
indications for use as follows: 

Effective: 

1. Moderate to severe vasomotorsymotoms associated with the menopause. (There is 
no evidence that estrogens are effective for nervous symptoms or depression without 
associated vasomotor symptoms, and they should not be usec to treat such conditions.) 

2. Atrophic vaginitis. 

3. Kraurosis vulvae. 

4. Female hypogonadism. 

5. Female castration. 

6. Primary ovarian failure. 

7. Breast cancer (or palliation only) n appropriately selected women and men with 
metastatic disease. 

8. Prostatic carcinoma — palliative therapy of advanced disease. 

9. Postpartum breast engorgement — Although estrogens have been widely used tor 
the prevention of postpartum breast engorgement, controlled studies have gemon- 
strated that the incidence of significant painful engorgement in patients not receiving 
such hormonal therapy is low and usuaily responsive to appropriate analgesic or other 
supportive therapy. Consequently, the benefit to be derived from estrogen therapy for this 
indication must be carefully weighed against the potential increased risk of puerperal 
thromboembolism associated with the use of large doses of estrogens >? — 

PREMARIN HAS NOT BEEN SHOWN TO BE EFFECTIVE FOR ANY PURPOSE DURING 

PREGNANCY AND ITS USE MAY CAUSE SEVERE HARM TO THE FETUS (SEE BOXED 
WARNING}. 
“Probably” effective: For estrogen deficiency-inducéd osteoporosis. and only when 
used in conjunction with other important therapeutic measures such as diet, caicium, 
physiotherapy, and good general health-promoting measures. Final classification of this 
indication requires further investigation. 





-C CONTRAINDICATIONS: Estrogens should not be used in women (or men) with any of the 
> following conditions: 1. Known or suspected cancer of the breast except in appropnately 
z selected patients being treated for metastatic disease. 2. Known or suspected estrogen- 
- dependent neoplasia. 3.Known or suspected pregnancy (See Boxed Warring}, 4. Un- 
<- diagnosed abnorma! genital bleeding. 5. Active thrombophlebitis or thromboembolic disor- 
= ders. 6.4 past history of thrombophlebitis, thrombosis. or thromboembolic disorders asso- 
. Clated with previous estrogen use (except when used in treatment of breast or prostatic 
io malignancy). 
_ WARNINGS: At the present time there is no satisfactory evidence that estrogens given to 
postmenopausal women increase the risk of cancer of the breast,” although a recent study 
has raised this possibility! There is a need for caution in prescribing estrogens for women 
„wiih a strong family history of breast cancer or who have breast nodules, fibrocystic disease, 
of abnormal mammograms. A recent study has reported a 2- to 3-foid increase in the risk of 
Surgically confirmed gallbladder disease in women receiving postmenopausal estrogens. '’ 
Adverse effects of oral contraceptives may be expected at the larger doses of estrogen 
used to treat prostatic or breast cancer or postpartum breast engorgement; it has been 
shown that there is an increased tisk of thrombosis in mer: receiving estrogens for prostatic 
cancer and women for postpartum breast engorgement.’?-?? Users of ora! contraceptives 
have an increased risk of diseases, such as thrombophlebitis, pulmonary embolism, stroke, 
and myocardial infarction.?#-3° Cases of retinal thrombosis, mesenteric thrombosis, and optic 
neuritis have been reported in oral contraceptive users.3'.% An increased tisk of postsurgery 
thromboembolic complications has also been reported in users cf oral contraceptives 33034 if 
feasible, estrogen should be discontinued at least 4 waeks before surgery of the type 
associated with an increased risk of thromboembolism. or during periods of prolonged 
immobihzation. Estrogens should not be used in persons with active thrombophiebitis, 
thromboembolic disorders. or in persons with a history of such disorders in association with 
estrogen use. They should be used with caution tn patients with cerebral vascular or coronary 









artery disease. Large doses (5 mg conjugated estrogens per day), comparabie to those used 
to treat cancer of the prostate and breast, have been shown to increase the risk of nonfatal ` 
myocardial infarction. pulmonary embolism and thrombophlebitis. When doses of this size 
ae Te any of the thromboembolic and thrombotic adverse effects should be censidered a 
clear risk, 

Benign hepatic adenomas should be considered in estrogen users having abdominal pain 
and tenderness, abdominal mass, or hypovolemic shock, Hepatocellular carcinoma has been 
reported in women taking estrogen-containing oral contraceptives. Increased blood 
pressure may occur with use of estrogens in the menopause?” and blood pressure shouid be 
monitored with estrogen.use. A worsening of glucose tolerance has been observed in patients 
on estrogen-containing oral contraceptives. For this reason, diabetic patients shouid be 
carefully observed. Estrogens may lead to severe hypercalcemia in patients with breast 
cancer and bone metastases. è 
PRECAUTIONS: Physical examination and a complete medical and family history should be 
taken prior to the initiation of any estrogen therapy with special reference to blood pressure, 
breasts, abdomen, and pelvic organs, and should include a Papanicolau smear. As a genera! 
rule, estrogen shouid not be prescribed for longer than one year without another physical 
examination being performed. Conditions influenced by fiuid retention such as asthma, 
epilepsy, migraine, and cardiac or renal dysfunction, require careful cbservation. Certain 
patients may develop manifestations of excessive estrogenic stimulation, such as abnormal 
of excessive uterine Dieeding, mastodynia, etc. Oral contraceptives appear to be associated 
with an increased incidence of mental depression.?44 Patients with a history of depression 
should be carefully observed. Preexisting uterine leiomyomata may increase in size during 
estrogen use. The patrologis! should be advised of estrogen therapy when relevant 
specimens are submitted. If jaundice develops in any patient rece-ving estrogen, the 
medication should be d:scontinued while the cause is investigated. Estrogens should be 
used with care in patients with impaired liver function, rena! insufficiency, metabolic bone 
diseases associated with hypercalcemia, orin young patients in whom bone growth is not 
complete. 

The following changes may be expected with larger doses of estrogen 

a. increased sulfobromophthalein retention. 

b. Increased prothrombin and factors Vil, VIN, IX, and X: decreased antithrombin 3: 
increased norepinephrine-induced platelet aggregability. 

c. increased thyroid binding globulin (TRG) leading to increased circulating total thyroid 
hormone, as measured by PBI, T4 by column, or T4 by radioimmunoassay. Free T3 resin 
uptake is decreased, reflecting the elevated TBG; free Tå concentration is unaltered. 

d. impaired glucose tolerance. 

e. Decreased pregnanediol excretion. 

ft Reduced response te metyrapone test. 

g. Reduced serum folate concentration. l 

h. increased serum triglyceride and phospholipid concentration 
As a general principle, the administration of any drug to nursing mothers should be done only 
when clearly necessary since many drugs are excreted in human mik. 

ADVERSE REACTIONS: The following have been reported with estrogenic therapy, in- 
cluding oral contraceptives: breakthrough bleeding. spotting. change in menstrual flow: 
dysmenorrhea; premenstrual-like syndrome, amenorrhea during and after treatment: in- 
crease in size of uterine fioromyomata: vaginal candidiasis. change in cervical erosion and in 
degree of cervical secretion: cyatitis-like syndrome; tenderness. enlargement, secretion (of 
breasts); nausea, vomiting, abdominal cramps. bloating; cholestatic jaundice; chloasma or 
melasma which may persist when drug is discontinued; erythema multitorme: erythema 
nodosum: hemorrhagic eruption; loss of scaip hair, hirsutism: steepening of corneal curva- 
ture, intolerance to contact lenses; headache. migraine, dizziness, mental depression, 
chorea, incfease or decrease in weight: reduced carbohydrate tolerance; aggravation of 
porphyria; edema: changes in libido. 

ACUTE OVERDOSAGE: May cause nausea, and withdrawal bleeding may occur in females. 
DOSAGE AND ADMINISTRATION: 1. Given cyclically for short term use only. For treatment 
of moderate to severe vasomotor symptoms, atrophic vaginitis, or kraurosis vulvae asso- 
ciated with the menopause (0.3 to 125 mg of more daily). 

The lowest dose that will control symptoms should be chosen and medication should be 
discontinued as promptly as possible. 

Administration should be cyclic (6g. three weeks on and one week off), 

Attempts to discontinue or taper medication should be made at three to six monthintervals. 

2. Given cycically: Female hypogonadism. Female castration. Primary ovarian failure, 
Osteoporosis, 

Female hypogonadism —2.5 to 7.5 mg daily, in divided doses for 20 days. followed by a rest 
period of 10 days’ duration. If bleeding does not occur by the end of this period, the same 
dosage schedule is repeated. The number of courses of estrogen therapy necessary to 
produce bleeding may vary depending on the responsiveness of the endometrium, 

if bleeding occurs before the end of the 10 day period, begin a 20 day estrogen-progestin 
cyclic regimen with PREMARIN ‘Conjugated Estrogens Tablets, U.S.P). 25 to 7.5 mg daily in 
divided doses, for 20 days During the last five days ofestrogen therapy. give an oral progestin. 
if bleeding occurs before this regimen is concluded. therapy is discontinued and may be 
resumed on the fifth day of bleeding. 

Female castration and primary ovarian failure 1.25 mg daily, cyclically Adjust upward or 
downward according to response of the patient. For maintenance, adjust dosage to lowest 
level that will provide effective control. 

Osteoporosis (to retard progression) — 1.25 mg daily, cyciically, 

3. Given for a few days: Prevention of postpartum breast engorgement — 3.75 mg every four 
hours for fivé doses, or 1.25 mg every four hours for five days. 

4. Given Chronically: inoperable progressing prostatic cancer—1.25 te 2.5 mg three times 
daily 

inoperable progressing breast cancer in appropriately selected men and postmenopausal 
women 10.mg three times daily for a period of at least three months. 

Patients with an intact uterus should be monitored for signs of endometrial cancer and 
appropriate measures taken to tule out malignancy in the event of persistent or recurring 
abnormal vaginal bleeding. 

HOW SUPPLIED: PREMARIN (Conjugated Estrogens Tablets, U.S P? No. 865—Each purple 
tablet contains 2.5 mg in bottles of 100 and 1,000. No 866—Each yelow tablet contains 
1.25 mg in bottles of 100 and 1,009. Also in unit dose package of 100. No. 867 — Each rectabiet 
contains 0.625 mg in bottles of 100 and 1.000. Also in unit dose package of 100. No. 
868 — Each green tablet contains 0.3 mg in bottles of 100 and 1,000. 
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2. Smith, D.C., etal: N, Engi. J. Med. 293.1164-1167, 1975.3. Mack, TM. et al: N, Engl. J. Med. 
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Current concepts of amniotic fluid dynamics 


A. E. SEEDS, M.D.+ 


Cincinnati, Ohio 


Amniotic fluid at term in the human is the product of numerous exchanges with the fetal and, 
indirectly, the maternal compartments. Our current information on the formation, circulation, and 
removal of this fluid is limited but provides an interesting concept of the steady-state regulation of 
this space. Further confirmation of this model comes from data describing drug exchange between 
mother, fetus, and amniotic fluid. (AM. J. OBSTET. GYNECOL. 138:575, 1980.) 


THE REGULATION of amniotic fluid volume and 
composition remains a fascinating but modestly un- 
derstood subject. Increased use of this fluid space for 
evaluation of fetal welfare by means of individual sol- 
ute measurement (i.e., phospholipids, creatinine, A 
optical density at 450 nm, and various enzymes) and 
other techniques (i.e., ultrasound, amniography) has 
intensified our interest in the formation, circulation, 
and removal of amniotic fluid. There is now general 
appreciation that alterations of this fluid compartment 
in many instances parallel changes in the fetus, indicat- 
ing that the exchangés between fetus and amniotic 
fluid are, therefore, sizable and consistent and result in 
a relatively short lag time before amniotic fluid evi- 
dence of fetal status appears. However, we have only a 


rudimentary understanding of the basic physicochemi- ` 


cal mechanisms and pathways involved in the regula- 
tion of amniotic fluid volume and composition. It is the 
purpose of this discussion to review and evaluate cur- 
rent knowledge in this important area. ` 


Obsolete concepts 


A number of hypotheses advanced in past years to 
explain amniotic fluid formation and regulation can be 
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reasonably discarded or revised for outright lack of 
evidence or misinterpretation of data presented. It is 
appropriate to begin our consideration of this complex 
subject by critically reviewing several physiologic con- 
cepts that, although clearly outdated and no longer 
supportable in light of current evidence, are still often 
mentioned in discussions of amniotic fluid physiology. 

Secretion of water or amniotic fluid by amniotic 
epithelium or chorion laeve. These membranes 
have been thoroughly examined over the last two 
trimesters of pregnancy, as both isolated in vitro prep- 
arations and in vivo.*"® There is no evidence for the 
active transport of water across these tissue layers 
under any circumstances. Water crosses these mem- 
branes only in response to a chemical potential gra- 
dient, osmotic or hydrostatic, and in the absence of 
such a gradient no net movement of water occurs. 
Thus, the “secretion” of fluid or water by the tissue 
layers surrounding the amniotic cavity simply does not 
occur. If a net movement of water should take place 
across amnion or chorion laeve in the third trimester, it 
would occur by a passive process or by osmosis from 
the amniotic sac to the maternal compartment, medi- 
ated by the chemical potential gradient between hypo- 
tonic amniotic fuid and isotonic maternal fluids. Only a 
very small net transfer of water could occur by this 
pathway, however, since the vascularity of maternal tis- 
sue in proximity to chorion laeve and amnion is sparse. 
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Fig. 1. Algebraic sum of unidirectional fluxes (kı — kə) gives 
the net flux or net transfer of isotopic water from which net 
transfer of solvent water can be calculated. However, in the 
case of dilute solutions (i.e., most biologic fluids) the random 
movement of water molecules in one direction (unidirectional 
flux) across a permeable tissue layer will be enormous com- 
pared to the net flux, thus making accurate calculation of a net 
transfer of water almost impossible. k; = Unidirectional flux 
or diffusion of ®-labeled water molecules across permeable 
membrane from Side 1 to Side 2; k, = unidirectional flux or 
diffusion of @-labeled water molecules from Side 2 to Side 1; 
kı — ka = net flux of isotopically labeled water molecules from 
which the net transfer of solvent water would be calculated. 
Open circles represent unlabeled water molecules. 


Transfer of water between aniniotic fluid and fetal 
vessels in the umbilical cord.* ° Again, water can only 
cross the exchange surface between these large vessels 
and the amniotic cavity in response to chemical poten- 
tial gradients. Although the isctonic fetal plasma can be 
expected to reabsorb some water from the hypotonic 
amniotic fuid, in fact, the very small ratio of the vessel 
wall surface area to the flow provided by large blood 
vessels makes this a totally ineffective exchange site 
compared to the favorable large ratio of surface area to 
vessel flow found in capillary beds. It is thus impossible 
for any sizable exchanges of water or solute to occur 
between fetus and amniotic fluid by this pathway. 

Measurement of water exchange between amniotic 
fluid and adjacent compartments by isotopic water 
fluxes.''' '* Perhaps the most consistently misun- 
derstood studies of amniotic fluid physiology involve 
the measurement of isotopic water transfer between 
mother, fetus, and amniotic fluid and calculation of net 
water movement in vivo between these spaces from 
these observations by means of complex compartmen- 
tal analysis equations. It is quite probable that no accu- 
rate estimate of in vivo water movement can be ob- 
tained from such studies. Though elegant in design 
and carefully performed, this human investigation 
provides an indication of in vivo pathways and relative 
permeabilities of these exchange sites to isotopic water 
but does riot reliably measure net transfer of bulk wa- 
ter. To clearly understand why this is so, consider the 
simple example in Fig. 1. If the net movement of water 
from Side 1 to Side 2 is to be measured from the diffu- 
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sion of tracer water (k;), the unidirectional flux of la- 
beled water in both directions [Side 1— Sice 2 (k,), 
Side 2 — Side 1 (k,)] must be measured and the alge- 
braic sum (k; — k,) or net flux must be calculated. 
The unidirectional flux or diffusion of any com- 
pound will be proportional to the total concentration, 
labeled and urlabeled, of that compound on one side 
of a permeable membrane. In the case of solvent water, 
the molar concentration of this molecule is 55.6 
moles/L of water. Thus, the transfer of isotopic water 
by simple diffusion in a direction from Side 1 to Side 2 
(kı) will be proportional to 55.6 moles (the total concen- 
tration per liter of labeled and unlabeled water), with 
the assumption that the labeled water acts exactly like 
the unlabeled molecule. However, almost all water 
molecules diffusing from Side 1-» Side 2 will be re- 
placed on a one-for-one basis by an identical molecule 
diffusing in the opposite direction from Side 2 —> Side 
1. If a second species of labeled water is introduced on 
Side 2, the diffusion of this labeled water from Side 
2— Side 1 (ks) will also be proportional to 55.6 moles/ 
L. If it is assumed that the water volumes and concen- 
trations are equal on the two sides of the permeable 
membrane, the unidirectional fluxes will be equal and 
the bidirectional flux will be 0, indicating no net trans- 
fer of solvent water. For the purposes of measuring 
possible in vivo water shifts, consider the creation of a 
10 milliosmolar osmotic pressure difference across the 
membrane (a significant in vivo gradient) by addition 
of an ideal nonpermeable solute to Side 1. Now the 
movement of water from Side 1 — Side 2 is no longer 
proportional to 55.6 moles but very slightly reduced, 
since the addition of 10 mmoles of solute has re- 
duced the water concentration to approximately 55.59 
moles/L of solution: Thus, the unidirectional flux of 
water Side 1 ~> Side 2 (k,) is now reduced Ly one part 
in 5,560 below the unidirectional fux in the opposite 
direction, which is still proportional to the molar con- 
centration of pure solvent water or 55.6 moles. The 
algebraic suni of these fluxes (k; — kə) or the net flux 
will no longer be zero but will be 1/5,560 of the uni- 
directional flux and in a.direction Side 2 — Side 1, rep- 
resenting the net movement of water in response to an 
osmotic gradient of 10 mOsm/kg of water. Consider 
that most bedy fluids (plasma, interstitial fluid, etc.) 
have a total solute concentration of approximately 280 
mOsm/kg of water. Thus, the water concentration of 
these fluids is in excess of 55.3 moles/L and the net 
movement of water or net flux between fluid compart- 
ments containing biological fluids in response to a gra- 
dient of 10 mOsm/kg of water will represent only ap- 
proximately 1/5,530 of the unidirectional fluxes. 
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- The very important consequence of this long expla- 
nation is that a sizable osmotic transfer cf water in re- 
sponse to a very large physiologic gracient (i.e., 10 
mOsm/kg of water) would be represented by an ex- 
tremely small difference in the unidirectional fluxes of 
isotopic water. This is because of huge steady-state 
unidirectional fluxes of this molecule since solvent 
water is the major component of most biological solu- 
tions. Therefore, attempts to measure or quantitate in 
vivo water movement by measuring the transfer of 
isotopic water between maternal, fetal, and amniotic 
fuid compartments is very likely impossible. The pre- 
cision required is clearly far beyond the limits of any 
current experimental technique. Such studies, there- 
fore, may provide a rough indication of permeability of 
various tissue layers surrounding the amniotic space to 
the diffusion of isotopic water in response to a gradient 
of this labeled molecule but cannot accurately measure 
net water movement between mother, fetus, and am- 
niotic fluid. 


Basic biological mechanisms involved in water 
transfer 


Fundamental to any discussion of fluid dynamics in- 
volving the amniotic cavity is a consideration of cur- 
rently accepted concepts of water transter in biology. 
There is essentially no evidence in any part of the body 
for the active transfer or secretion of water. Water 
moves across body membranes in response to hy- 
drostatic or osmotic gradients and in the abserice of 
these chemical potential forces no water transfer takes 
place. 

“Bulk flow.” In the presence of such gradients water 
moves across multicellular porous tissue layers such as 
amnion and chorion by a nondiffusional process 
known as “bulk flow.” Other terms for the same process 
include laminar or Poiseuille flow and refer to the 
movement of solvent water in bulk form ‘similar to ow 
down a pipe) through water-filled extracellular chan- 
nels of a porous multicellular membrane in response to 
a hydrostatic or osmotic gradient. The net movement 
of water by this process is linear with gradient but ex- 
ceeds the rate of tracer water diffusion across chorion 
and amnion by 100-fold to 200-fold.® The rate of water 
transfer is, therefore, accelerated when movement oc- 
curs in bulk or solvent form in response to a chemical 
potential gradient. Such a bulk flow is nondiffusional 
but does not involve an energy-requiring or active 
transport mechanism. The passive movement of water 
molecules becomes augmented when the membrane 
contains pores or channels wherein the water exists in 
solvent form. Conversely, the transfer oz water across a 
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Table I. Reflection coefficients (7) measured for 
partially penetrating solutes across human 
placental tissue 


Urea 0.02 0.01 
NaCl . 0.04 0.02 
Glucose 0.06 0.05 
Sucrose 0.07 0.05 


nonporous membrane (e.g., artificial lipid bilayer or 
individual cell plasma membrane) in response to an 
osmotic or hydrostatic gradient occurs at a rate equiva- 
lent to simple diffusion. 

The large bulk flows across human placental tissue 
are determined by measurement of volume changes 
on the two sides of the membrane in response to an 


osmotic or hydrostatic gradient. Isotopic water diffu- 


sion rates are measured by the net transfer of labeled 
molecule across this tissue in the absence of changes in 
solvent volume. | 

“Leaky or partially semipermeable membrane.” 
Amniotic and chorionic tissue are highly permeable to 
water. Tracer water diffuses across this tissue-approx- 
imately 30% as fast as it would diffuse through an 
equivalent laver of pure solvent water and osmotic or 
bulk fow transfer of water occurs at 100 to 200 times 
the tracer water diffusion rate. Since these tissue layers 
are totally impermeable to many compounds in excess 
of 1,000 molecular weight, they conform to an ideal 
semipermeable barrier in regard to these nonpermeat- 
ing solutes and the osmotic effectiveness of such solutes 
is described by the van’t Hoff equation. r = mRT (a 
reasonable approximation of this equation for dilute 
solutions), where m= osmotic pressure (atmospheres), 
m = molar concentration of solute (moles of solute/kg 
of water, R = gas constant, and T = absolute tempera- 
ture (°K). 

Many smaller compounds (urea, glucose, NaCl, etc.) 
diffuse readily across chorion and amnion but still 
exert some small osmotic force.” In this case, placental 
tissue does not discriminate perfectly between solute 
and solvent but is partially permeable or leaky to 
smaller solute molecules. These solutes may diffuse 
across the placenta in large amounts; however, since 
they do not cross as rapidly as water, they still exert 
some small osmotic force. The imperfect ability of the 
placental tissue to discriminate between solute and 
solvent anc thus the partial osmotic effectiveness of 


‘such solutes is described by adding a term (e) known as 


the Staverman or reflection coefficient to the van’t Hoff 
expression (Table I). Thus, m =a@mRT indicates the 


“a 
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Fig. 2. Current evidence indicates that significant exchanges of water and solute take place between 
amniotic fluid and fetus near term by several pathways: (1) fetal swallowing, (2) fetal urination, and 
(3) within the fetal respiratory tract where the alveolar capillary bed is perfused by amniotic fluid 
transported in and out by respiratory movements. Under certain conditions transfer of water and 
solute probably also occurs across the chorionic plate between the fetal circulation and amniotic fluid. 
There is also evidence to suggest possible transfer of highly lipid-soluble compounds of small mo- 
lecular weight across fetal skin. It is unlikely that any significant exchange of solute and water occurs 
across the umbilical cord or across the chorion laeve and amnion awav from the discoid placenta. The 
major pathway for total intrauterine water accumulation in pregnancy is across the chorion fron- 
dosum between the maternal and fetal compartments. In the third trimester, intrauterine water 
increases by approximately 30 to 40 ml per day. Presumably this net water transfer occurs from the 


mother in response to very small intermittent chemical potential gradients. 


osmotic force for a small, partially penetrating mole- 
cule where ø indicates the reflection coeficient for that 
molecule. 

The o for large macromolecules such.as albumin, 
which exert an ideal osmotic force, would be 1.0 where 
the membrane discriminates perfectly or is totally im- 
permeable to the solute while highly permeable to 
solvent water. In contrast, urea crosses these mem- 
branes rapidly but has a o of 0.02 (Table I), indicating 
that this solute exerts 2% of the ideal osmotic effect of a 
nonpenetrating macromolecule per unit of concentra- 
tion difference across this tissue. 

The partially semipermeable nature of human pla- 
cental tissue assumes great practical significance when 
consideration is given to net intrauterine water ac- 
cumulation in pregnancy. It has been estimated that 
approximately 4 L of water (2,800 ml in the fetus, 400 
ml in the placenta, and 800 ml in amniotic fluid) ac- 
cumulate within the human uterus during pregnancy, 
representing an increase of approximately 30 to 40 ml 
per day near term. This water requirement far exceeds 
any intrauterine or fetal metabolic source and is most 
likely supplied by net transfer across the placenta from 
mother to fetus. A careful search for transplacental 
chemical potential gradients responsible for such net 


water transfer has been unsuccessful since maternal 
and fetal total solute concentration and collo:d osmotic 
and hydrostatic pressure appear to be roughly equiva- 
lent across the placenta. In previous reviews® ™ data 
have been collated on these gradients in detail. How- 
ever, very small chemical potential gradients present 
for only a short time across the large placental surface 
area could furnish these water requirements, and one 
possible explanation for such undetected gradients 
derives from consideration of the maternal and fetal 
concentrations of small partially permeable solutes. It 
has been shown that water transfer may occur across a 
semipermeable membrane in a direction opposite to 
that predicted by gradients in total solute concentration 
if differing solute species with different reflection co- 
efficients are contained on the two sides o? the bar- 
rier.'* Thus, a 10 milliosmolar glucose solution will pull 
water by osmosis across amnion or chorion laeve froma 
more concentrated 20 milliosmolar urea solution be- 
cause glucose crosses this tissue more slowly than urea 
and thus exerts three times the osmotic force of urea 
per unit of concentration (as indicated by the larger o 
in Table I). Thus, the osmotic effectiveness of bio- 
logical fluids bathing the two sides of the human pla- 
centa is not a colligative property of solutions estimated 


Volume 138 
Number 5 


by total solute concentration but must be calculated 
from the concentrations and reflection coefficients of 
individual solutes. i 

Current experimental techniques are probably inad- 
equate to measure the small or intermittent variations 
in specific solutes with differing amounts of osmotic 
effectiveness or, in total solute concentration, colloid 
osmotic pressure or perhaps even hydrostatic pressure 
that may be responsible for the normal intrauterine 
water accumulation in pregnancy. The gradients nec- 
essary for the small daily net water transfer involved 
could easily be too small or intermittent for detection. 


Exchange of amniotic fluid solute and water with 
adjacent compartments 


There is strong evidence for significant exchanges of 
water and solute between amniotic fluid and fetal com- 
partments throughout pregnancy, although the largest 
amount of data has been obtained in the third trimester 
or near term. Between 12 and 22 weeks’ gestational 
age, Lind and co-workers!® showed amniotic fluid so- 
dium and urea concentrations very slightly below fetal 
plasma levels, although closer to fetal than maternal 
values. These data are compatible with the overall con- 


‘cept that amniotic fluid very early in pregnancy is . 


roughly equivalent to isotonic extracellular fluid de- 
rived: from maternal and/or fetal compartments by di- 
alysis across tissue layers largely impermeable to pro- 
tein. These investigators also obtained hypotonic urine 
from the fetal bladder as early as 12 weeks, suggesting 
a contribution to amniotic fluid formation earlier than 
previously suspected. 

Amniotic fluid becomes moderately hypotonic (mean 
total solute concentration 255 to 260 mOsm/kg of wa- 
ter) near term and is thought to be the product of 
numerous exchanges with the fetus (Fig. 2). The 


human fetus is estimated to produce 600 to 800 ml per — 


day of very hypotonic (80 to 140 mOsm/kg of water) 
urine at term, based on fetal urine production rates 
(0.14 ml/kg/min) measured in chronic pregnant sheep 
preparations’® '* and also from estimates of human 
fetal urine production by sonographic techniques.’ 
Furthermore, late in pregnancy, fetal urine contains 
large quantities of creatinine, urea, and conjugated es- 
triol, corresponding to increases in amniotic fluid levels 
of these solutes.’® !? In an investigation of the role of 
possible excess fetal urine production and hydramnios, 
Van Otterlo and co-workers’? found no increase in 
urine volume accompanying hydramnios in the dia- 
betic pregnancy, but Cassady and cc-workers” re- 
ported definite evidence of increased amniotic fluid 
glucose and total solute concentrations, presumably of 


Amniotic fluid dynamics 579 


30 
Maternal serum = Weer- 
20 Fetal serum , Ceea mee me mD 
Amniotic fluid — Aeee, A 


pg fai 





Fig. 3. Comparison of ampicillin concentrations in serum of 
mother and fetus and in amniotic fluid after maternal intra- 
venous infusion of ampicillin. (From Bray, R. E., Boe, R. W., 
and Johnson, W. L.: Transfer of ampicillin into fetus and 
amniotic fluid from maternal plasma in late pregnancy, Am. J. 
OBSTET. GYNECOL. 96:938, 1966.) 


renal origin, in diabetic pregnancy. The fetus swallows 
between 200 and 450 ml of amniotic fluid per day, 
based on experiments with radioactive chromium- 
labeled red blood cells?! and more recently non- 
radioactive colloidal gold” to estimate fetal duid de- 
glutition (mean swallowing rate ~ 200 ml/day by the 
colloidal gold method). Thus, fetal swallowing will re- 
move only about half of the daily urine production and 
the fluid swallowed will have the normal amniotic total 
solute cor.centration of 250 to 260 mOsm/ kg of water. 
Therefore, there is a net daily addition of a sizable 
quantity of very hypotonic urine which must be reab- 
sorbed via other pathways since the amniotic cavity 
gains a fluid volume of no more than 10 ml/day in the 
third trimester and the total solute concentration is al- 
ways in the previously mentioned normal range. 
Since fetal plasma is significantly hypertonic to am- 
niozic Huid, a sizable net transfer of fluid from the am- 
niotic to the fetal compartment would result wherever 
a fetal capillary bed is in proximity to this fluid. 
Recent studies by Duenhoelter and Pritchard? have 
indicated a sizable steady rate in and out, or tidal 
flow (600 to 800 ml/day), of amniotic fluid through 
the fetal lungs in response to active respiratory move- 
ments throughout the third trimester. This process 
would presumably introduce hypotonic amniotic fluid 
to a large alveolar capillary bed surface area and a daily 
net reabsorption of fluid could be expected to take 
place. Furthermore, the association between congenital 
anomalies or tumors (e.g., tracheal aplasia, nasopha- 
ryngeal teratoma, pulmonary hamartoma, diaphrag- 


580 Seeds 


Live fetus — dpe 
Dead fetus 





Oo 2 4 6 8 ID te 14 16 18 20 22 24 26 28 30 
Hours 


Fig. 4. Comparison of ampicillin concentrations in amniotic 
fluid of pregnancies with a living fetus and following in- 
trauterine fetal death. (From Bray, R. E., Boe, R. W., and 
Johnson, W. L.: Transfer of ampicillin into fetus and amniotic 
Huid from maternal plasma i in late pregnancy, AM. J. OBSTET. 
GYNECOL. 96:938, 1966. ) 


matic hernia) which interfere with fetal breathing 
movements and hydramnios is recognized.**~*8 There- 
fore, although previous discussions of amniotic fuid 
physiology often considered the fetal respiratory tract 
as a possible site of fluid production, it would appear 
from the above-cited evidence that this organ system 
plays a major role in the net reabsorption of water from 
this cavity. 

The large fetal skin capillary bed may serve as a site 
for amniotic water and solute exchange in early preg- 
nancy but after keratinization of this layer at about 24 
to 26 weeks’ gestational age, this tissue becomes very 
impermeable to isotopic water and most solutes.” 
However, even keratinized skin may remain partially 
permeable to.small, highly lipid-soluble compounds 
such .as carbon dioxide and oxygen. Adult skin has 
been shown to be significantly permeable to oxygen.” 
Mean: amniotic fluid Po; (11 to 12 mm Hg) and Peo; (= 
50 mñ, Hg) values late in pregnancy are respectively 
slightly lower and slightly higher than fetal umbilical 
artery values, indicating equiltbration of these gases 
with the fetal compartment. Changes in amniotic 
fluid Pco, closely paralleled changes in fetal Peco; in the 
rhesus monkey.” Therefore, amniotic fluid levels of 
those small; highly lipid-soluble compounds probably 
réflect rapid equilibration of these gases between the 
fetus and amniotic fluid compared to other solutes, 
perhaps across exchange surfaces such as fetal skin. 

An additional site for possible exchange of water and 
solute between amniotic fluid and fetus would be across 
the fetal surface of the discoid placenta, that i is, ACrOSS 
the amnion and chorionic plate from the placental 
capillary bed. Abramovich and Page’® have shown that 
water, sodium, chloride, urea, and creatinine readily 
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Fig. 5. Concentration of dicloxacillin (top) and methicillin (bot- 
tom) in maternal and fetal serum and amniotic fluid following 
intravenous infusion in mother. Each patient received 500 mg 
of the respective antibiotic over a 10- to 15-minute period. 
Conclusion of infusion is designated as zero time. Methicillin 
has a molecular weight of 402 and is 40% protein bound, 
Dicloxicillin has a molecular weight of 510 and is 96% protein 
bound. (From Depp, R., Kind, A. C., Kirby, W. M. M., and 
Johnson, W. L.: Transplacental passage of methicil:in and di- 
cloxacillin into the fetus and amniotic fluid, AM. ]. OBSTET. 
GYNECOL. 107:1054, 1970.) ` 


cross this exchange surface. The association in late 
pregnancy between hydrops fetalis (immunologic or 
nonimmunologic),** *4 a large edematous placenta, and 
hydramnios implies that a fetal pathologic condition 
involving an increased central venous pressure and 
thus extravasation of excess fluid into fetal and placen- 
tal interstitial spaces eventually results in deposits of 
excess fluid in the amniotic space. Since the transfer of 
a significant amount of water across keratinized skin 
remains unlikely, a pathway from the placental capil- 
lary bed across the fetal surface of the placenta is 
strongly suggested to explain these related findings. 
The only possible explanation would be an increased 
fetal urinary output and since many of these hydropic 
babies also have some degree of cardiac failure, this 
seems unlikely as a consistent mechanism. 

Prolactin has been reported® in preliminary studies 
to reduce permeability of human amnion ir. vitro to 
water transfer from the fetal to the maternal side. 
These findings together with a significant reduction in 
normally very high amniotic fluid prolactin values as- 
sociated with hydramnios have resulted in speculation 
that prolactin may be active in the regulation of human 
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amniotic fluid volume and composition. This hypothe- 
sis awaiis further confirmation, however, since a sig- 
nificant exchange of amniotic fuid water and solute 
with the fetal and/or the maternal compartment across 
the chorion laeve and amnion away from the discoid 
placenta appears highly improbable in view of the 
sparse vascularity in this region. 


Maternal drug administration 


From the preceding discussion, it is clear that par- 
ticularly in the.Jatter part of pregnancy, amniotic fluid 
is almost completely the product of sizable, rapid, and 
consistent steady-state exchanges with ‘the fetus: by 
numerous pathways. For the most part, maternal— 
amniotic fluid exchange in late pregnancy occurs only 
indirectly through the fetus. Confirmation of this con- 
cept comes from a review of the distribution of various 
drugs given to the mother in pregnancy. For example, 
ampicillin (molecular weight 349), a commonly used 
antibiotic, when given in a bolus intravenous dose to 
the mother, appears in peak concentrations within the 
fetal compartment tn 30 to 60 minutes (Fig. 3) and in 
significant quantities within the amniotic fluid in 2 
hours, to reach peak levels at 6 to 12 hours. However, 
only a very small amount of this drug reached the am- 
niotic Huid following an equivalent maternal dosage 
when the fetus was dead (Fig. 4), thus reinforcing the 
concept that most compounds must be transferred 
from mother to fetus in order to gain entry into 
the amniotic space. Dicloxacillin, another similar-sized 
(molecular weight 510), water-soluble antibiotic, dif- 
fuses slowly (because of 96% binding to plasma pro- 
teins) and in small amounts to the fetus (Fig. 5) and, 
therefore, only very small amounts of the drug appear 
in amniotic fluid.?? 

From the preceding discussion of pathways for 
fetal-amniotic fluid exchange, one can postulate sev- 
eral possible mechanisms for drug distribution from 
maternal to intrauterine compartments. Highly lipid- 
soluble compounds of small molecular weight such 
as oxygen, carbon dioxide, and nitrous oxide cross 
quickly (peak fetal concentrations within 2 to 3 min- 
utes) to the fetus and probably also equilibrate in the 
amniotic cavity within a very few minutes by diffusion 
across the fetal skin. Evidence for this includes studies 
in primates where increases in fetal Peco, were accom- 
panied by parallel increases in amniotic fluid Pco, 
within 2 to 3 minutes.” Rapid increases in fetal nitrous 
oxide concentrations following maternal inhalation 
were accompanied by similar increases in amniotic and 
allantoic fluid concentrations of this substance in 
sheep.” The rapid transfer of larger lipid-soluble 
compounds such as phenobarbital in dogs® and meper- 
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Fig. 6. Concentration of meperidine in maternal sheep plasma 
(e), fetal plasma (4), and amniotic fluid (4) during and after a 
continuous infusion of meperidine to the mother (0.06 mg/kg 
for 2 hours). (From Szeto, H. H., Mann, L. I., Bhakthavathsa- 
lan, A., Liu, M., and Inturrisi, C. E.: Meperidine pharmacoki- 
netics in the maternal-fetal unit, J. Pharmacol. Exp. Ther. 
206:448, 1978.) : 


idine in humans” from mother to fetus and amniotic 
fluid suggests that these substances may also diffuse 
across fetal skin or the fetal side of the placenta from 
fetal capillary beds. Small but significant amniotic fluid 
concentrations of phenobarbital and meperidine were 
detected within 10 to 30 minutes of maternal intrave- 
nous infusion. However, within 2 to 3 hours, amniotic 
Huid meperidine concentrations significantly exceeded 
maternal and fetal levels (Fig. 6), indicating that sizable 
amounts of this compound were excreted in fetal urine 
and were unable to back-diffuse to equilibrate with 
fetal levels. Therefore, diffusion across skin or other 
exchange surfaces may play a minor role in entry of 
this substance into the amniotic fluid. 

_ Thus, several general mechanisms for maternal- 
fetal—amniotic fluid distribution of drugs can be postu- 
lated. 

l. Small, highly lipid-soluble compounds diffuse 
rapidly to the fetus, reaching peak concentrations 
within 2 ro $ minutes, but also appear quickly in amni- 
otic Auid probably by diffusion across fetal skin or the 
fetal surface of the placenta (Fig. 7). However, since 
these compounds appear to readily diffuse between the 
fetus and amniotic fluid, their concentration in amni- 
otic fluid should parallel and not exceed fetal levels. 

2, Larger-sized, water-soluble, lipid-insoluble com- 


: pounds (2.g., antibiotics, mannitol) cross more slowly to 


the fetus but reach significant peak levels 30 to 60 
minutes following maternal infusion (Fig. 3). These 
compounds can also be detected in amniotic fluid 
within 20 minutes, most likely secondary to fetal urine 
production (Fig. 8), but reach peak levels much higher 
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Fig. 7. Maternal and fetal nitrous oxide concentrations during maternal N:O inhalation in sheep 
pregnancy at 123 days. N.O concentration in allantoic and amniotic Auids also is shown. (From 
Blechner, J. N., Makowski, E. L., Cotter, J. R., Meschia, G., and Barron, D. H.: Nitrous oxide transfer 
from mother to fetus in sheep and goats, AM. J. OpsTET. GYNECOL. 105:368, 1969.) 
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Fig. 8. Concentrations of mannitol in amniotic fluid and maternal plasma after a single intravenous 
injection of this substance to a pregnant woman at term with a live fetus. The concentration of 
mannitol in amniotic fuid increased with time, reachirg values higher than those found in maternal 
plasma from 160 to 240 minutes. (From Basso, A., Fernandez, A., Althabe, O., Sabini, G., Piriz, H., 
and Belitzky, R.: Passage of mannitol from mother to amniotic fluid and fetus, Obstet. Gynecol. 


49:628, 1977) 


than fetal or maternal plasma levels at 4 to 24 hours 
following maternal infusion (Figs. 3 and 5). The high 
amniotic fluid levels of these water-soluble compounds 
correspond to high fetal urine levels and a trapping 
effect which occurs after the introduction of these 


compounds into amniotic fluid. Since fetal skin in late . 


pregnancy is quite impermeable to these substances, 
back-diffusion or equilibration will be very slow after 
amniotic cavity entry concentrated in fetal urine, thus, 
amniotic fluid values of these solutes significantly above 
maternal and fetal levels will occur. Numerous exam- 
ples can be cited for water-soluble, lipid-insoluble com- 


at 


Volume 138 
Number 5 


323 


180 


1690 


120 


MEPERIDINE yg % 


80 


40 





Amniotic fluid dynamics 583 


@——-@ UMBILICAL VEIN 
O+---O MA™ERNAL ARTERY 


0 
O 2 4 6 B 10 |? 14 IG 18 20 22 24 26 2B 30O 32 34 36 38 40 42 44 46 


MINUTES 


Fig. 9. Mean +1 SE of maternal sheep arterial and fetal umbilical vein meperidine HCI levels 
following maternal intravenous infusion. (From Shier, R. W., Sprague, A. D., and Dilts, P. V., Jr.: 
Placental transfer of meperidine HCI. Part H, Am. J]. Osster. GynecoL. 115:556, 1973.) 


pounds of intermediate molecular size (molecular 
weight 200 to 600) that cross rather slowly but in 
significant quantities to the fetus and eventually 
achieve sizable amniotic fluid levels by entry in fetal 
urine. Evidence exists for similar fetal and amniotic 
fluid distribution of methicillin (Fig. 5), penicillin,” 
sulfonamides,** some cephalosporins,” tetracycline,“ 
kanamycin,* and gentamicin,‘ in addition to ampi- 
cillin. . 

3. Some compounds such as the narcotics and 
analgesics are highly lipid soluble but have a larger 
molecular size (molecular weight 150 to 300) than the 
respiratory or inert gases. These solutes may gain ac- 
cess to amniotic fluid by a combination of events, but, in 
general, rapid transfer to the fetus followec. by slower 
entry into the amniotic cavity and levels significantly 
above fetal and maternal values indicate addition of 
this solute in fetal urine and inability to back-diffuse to 
the fetal compartment. Evidence in the chronic sheep 
model of high meperidine concentrations in amniotic 
fluid illustrate this concept" (Fig. 6). Thus, an inter- 
mediate rate of appearance in amniotic fluid for these 
compounds could be postulated. Such highly lipid- 


soluble agents would diffuse rapidly from mother to 
fetus to achieve peak concentrations within 2 to 3 
minutes (Fig. 9) but would probably cross in significant 
quantities to amniotic fluid in fetal urine more slowly 
than the smaller lipid-soluble gas molecules, which may 
diffuse directly across fetal skin. 

4. Finally, a fourth general category of fetal- 
amnictic fluid drug distribution could be described for 
compounds that cross in significant quantities to the 
fetus but are largely metabolized in the fetal liver and 
thus appear in fetal urine and amniotic fluid in only 
small amounts. Placental Dilantin transfer in the goat 
(Fig. 10) illustrates this concept. This intermediate- 
sized, lipid-insoluble compound diffuses readily, al- 
though not rapidly, to the fetus but cannot diffuse 
across fetal skin and is largely metabolized in the fetal 
liver,* so that only small quantities appear in fetal 
urine and amniotic fluid. 

Thus, most available evidence indicates that there is 
little direct maternal exchange of water and solutes 
with amniotic fluid at term in the human and that if a 
compound does not cross to the fetus it will not appear 


in amniotic fluid. Data collected from placental an- 
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Fig. 10. Time course of maternal and fetal serum and amniotic fuid diphenylhydantoin levels 
during constant infusion of diphenylhydantoin (2.92 mg/kg/hr) following a loading dose of 7.3 
mg/kg. The infusion was discontinued at 120 minutes. (From Shoeman, D. W., Kauffman, R. E., 

Azarnoff, D. L., and Boulos, B. M.: Placental transfer of diphenythydantoin i in the goat, Biochem, 


Pharmacol. 21:1237, 1972.) 


tibiotic transfer in humans”? and nitrous oxide transfer 
in sheep® strongly support this concept which, of 
course, coincides well with the view that amniotic fluid 
near term is principally the product of exchanges with 
the fetal compartment. 


Amniotic fluid drug infusion 


Up until this point, we have reviewed maternal- 
fetal—amniotic fluid drug distribution in terms of ma- 
ternal administration. However, the intriguing possi- 
bility that amniotic fluid infusion of pharmacologic 
agents could provide a mechanism for fetal medication 
in utero has led to several promising but very prelimi- 
nary studies. Seeds and co-workers demonstrated a 
significant elevation in fetal pH and bicarbonate 
concentration within a few minutes following intra- 
amniotic infusion of sodium bicarbonate in primates. A 
somewhat inconsistent response in these experiments 
suggested that perhaps fetal swallowing played a major 
role in the transfer of this solute from amniotic fluid to 
fetus. Szeto and co-workers!” measured the rapid 
transfer of meperidine to both fetal and maternal 
compartments following intra-amniotic infusion in the 
chronic sheep model. Peak drug levels in the fetus were 
obtained within 45 minutes. Sack and co-workers” 
have also demonstrated significant transfer in sheep of 
radiolabeled thyroxine and triiodothyronine to the 
fetus within 24 hours of amniotic Huid infusion. Such 
findings, if confirmed in humans, would have sig- 
nificant relevance since thyroxine crosses the human 
placenta very slowly and attempts to provide additional 
fetal thyroxine by means of maternal administration (to 
protect the fetal thyroid gland from goiter formation 
during maternal antithyroid drug administration) have 
been unsuccessful. Additional studies in sheep® have 


provided evidence for significant fetal transfer of the 
highly lipid-soluble beta-blocking drug propanolol 
within 15 minutes of amniotic fluid infusion while 
lipid-insoluble sotalol crossed slowly and in smaller 
amounts. 
Such data suggest that water-soluble, lipid-insoluble 
compounds infused into the amniotic sac may gain 
entry -into the fetal compartment in a delayed, 
somewhat unpredictable fashion by fetal swallowing, 
wher eas lipid-soluble compounds introduced into this 
space cross to the fetus more rapidly and in larger 
amounts. This facilitated transfer of the lipid-soluble 
solutes occurs via unknown pathways, but one can 
speculate diffusion across the fetal surface of the pla- 
centa or fetal skin may be involved. 


“Future diagnostic uses of amniotic fluid 


Additional diagnostic use of amniotic fluid may re- 
sult from a better understanding of the physiology of 
this compartment. Fetal scalp blood pH has been suc- 
cessfully used as an indicator of fetal status. Studies in 
primates indicated that elevated Pco, and decreased 
pH during fetal distress were rapidly accompanied by 
parallel changes, in amniotic fluid values.” 

Physically dissolved carbon dioxide appears to equil- 
ibrate. quickly between mother, fetus, and amniotic 


‘fluid while the bicarbonate anion crosses very slowly 


between the three compartments. Therefore, changes 
in fetal pH secondary to Pco, fluctuations would be 
rapidly transmitted to the amniotic fluid in most cir- 
cumstances, while fetal pH alterations accompanying 
changes in bicarbonate concentration, would be poorly 
reflected in this space. To date, however, correlations 
between amniotic Huid pH and fetal status at birth in 
the human have been inconsistent." 
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Better evidence exists for a correlation between in- 
creased amniotic fluid total solute concentration and 
fetal distress in the human. Increases in amniotic fluid 
total solute have been measured in cases of fetal death 
in utero or chronic fetal distress®' and conform to evl- 
dence in the chronic sheep preparation of a consistent 
increase in urinary total solute and a decrease in vol- 
ume’ during episodes of fetal hypoxia and acidosis.” 

Increases in amniotic fluid glucose*® paralleled the 
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fetal accumulation of glucose in the diabetic pregnancy 
and recent evidence suggests that amniotic fluid con- 
centrations of insulin®? and 8-hydroxybutyrate™! may 
also correlate with fetal values, reflecting fetal status in 
this important high-risk pregnancy complication. 

Such preliminary data suggest the possibility of many 
additonal uses of amniotic fluid in the future to assess 
acute and chronic fetal status. 
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Outcome of pregnancy subsequent to induced 
abortion 


To the Editors: 

In their recent article, Dr. Stephen C. Schoenbaum 
and associates (AM. J. OBSTET. GYNECOL. 136:19, 1980) 
summarized the records of 5,003 deliveries and con- 
cluded that “women with a single prior induced abor- 
tion have no increased risk of poor outcome of the next 
pregnancy after 27 weeks’ gestation.” In Table III of 
their analysis they actually demonstrate a 23% increase 


in the rate of premature labor among those primipa- ` 


rous women who had a previous induced abortion as 
compared to those who did not (3.7% versus 3.0%) but 
dismiss the difference as statistically insignificant. In 
the same spirit they reassure us that the conclusions of 
Moriyama and Hirokawa! were erroneous by stating: 
“Among women who delivered prematurely and who 
had had. no prior live birth, 22 of 76 (28.9%) had had a 
preceding induced abortion; whereas, among women 
who delivered at term who had had no prior live birth, 
817 of 3,962 (20.6%) had had a preceding induced 
abortion ... None of these differences is statistically 
significant. ý 

In the course of a recent review,? I had the opportu- 
nity of analyzing dozens of articles from overseas; most 
of which provided strong support on behalf of the exis- 
tence of a cause-effect relation between induced first- 
trimester abortion, on the one hand, and premature 
birth in subsequent gestations, on the other. Interrup- 
tion of the first pregnancy appeared particularly con- 
ducive to unfavorable future reproductive perfor- 
mance according to the testimony of these studies. In 


the light of this information I respectfully submit that . 


What Schoenbaum and associates and Moriyama and 
Hirokawa have demonstrated was an increased inci- 
dence of premature labor following artificial interrup- 
tion of a woman’s first gestation, suggesting a “possible” 
or “probable” cause-effect relation in the absence of a 
statistically significant difference and not the absence 
of an increased risk, as the authors suggested. 

Since the medical profession has accepted therapeu- 
tic abortion as a legitimate method of birth control, 
numerous articles have been published in the Ameri- 
can literature indicating that no “statistically signifi- 
cant” increase of subsequent unfavorable reproductive 
outcome could be documented on the ground of the 
almost invariably limited data that the authors had re- 


viewed. These results have usually been presented as, 


CORRESPONDENCE 





evidence indicating the nonexistence of such effect. 
Well 1n keeping with this fast-developing “tradition,” 
Schoenbaum and associates chose to interpret the ab- 
sence of significance at the 95% confidence limits as 
eviderce of lack of correlation between induced abor- 
tion and prematurity rather than as an indication of the 
fact that their data base was too small for a definite 
conclusion. 

It appears to ‘this writer that physicians, before reas- 
suring their patients about the innocent nature of 
abortion, should be able to refer to statistical data 
which prove “within 95% confidence limits” that abor- 
tion ccnnot have an unfavorable impact upon their fu- 
ture repr oductive life. The assumption that the risks of 
abortion must be proved with conclusive statistical data 
represents a preconceived prejudice. What requires 
ences proof is that it does not. 

Leslie Iffy, M.D. 
Department of Obstetrics and Gynecology, 
College of M see and Dentistry of New Jersey, 
New Jersey Medical School 
Newara, New Jersey 07103 
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Reply to Dr. iffy 
To the Editors: 

Let us first get the data straight. Table III in our 
paper shows that 6.7% of the offspring of primigravid 
women were born at less than 37 weeks’ gestation while 
only 4.8% of the offspring of secundigravid women 
whose first pregnancy terminated with an induced 
abortion were born prematurely. The corresponding 
percentages of birth weights less than 2,500 gm were 
8.2 versus 6.8. These figures simply are not consistent 
with the notion that there was excessive prematuri- 
ty for secundigravid women with a prior induced 
abortion. 
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Dr, Iffy has chosen to focus on other data in Table 
III, the percentages of women who had an admission 
for premature labor (3.0 for primiigravid women versus 
3.7 for secundigravid women with a prior induced 
abortion). These were prepartum admissions in which 
the discharge diagnosis was premature labor, not ad- 
missions for premature delivery. Dr. Iffy has ignored 
the data in the same table indicating that an even 
higher percentage of secundigravid women whose first 
pregnancy ended in a live birth also had an admission 
for premature labor (3. 9%). This group by no other 
criterion demonstrated excessive prematurity. 

Though Dr. Iffy quoted some of our comments 
about the study by Moriyama and Hirokawa, he selec- 
tively omitted the fact that in the same study 22% of 
women with two living children who were delivered 
prematurely versus 41% of women with two living chil- 
dren who were delivered at term had had an immedi- 
ately preceding induced abortion. We doubt that Dr. 
Iffy or anyone else would conclude from this informa- 
tion that women with two living children should then 
have an induced abortion to decrease their chance of 
prematurity in the next pregnancy. The study by 
Moriyama and Hirokawa is simply too small to state 
conclusively anything about the relationship between 
prior induced abortion and subsequent prematurity. 

Dr. Ify does make a very important point with which 
we totally agree. Stated in different terms from those in 
his letter, it is crucial to consider the power of a study to 
demonstrate an association. The careful reader of our 
paper will note that we have raised this issue. The 
confidence interval around an estimate of risk is an 
expression of the power of the study to demonstrate a 
difference of a certain magnitude. In our study the 
relative risk of having a baby before 37 weeks was 0.7 
for women whose first pregnancy led to an induced 
abortion, and the 95% confidence limits were 0.4 to 1.4. 
Thus, the data in our study suggest that there is only a 
2.5% chance that the true risk exceeds 1.4. To obtain a 
narrower confidence limit would require an even 
larger study. 

We are currently collecting a substantially larger data 
set and will be pleased to report the new estimate of 
relative risk and its confidence interval when the study 
is completed and_analyzed. In the meantime, women 
contemplating having their first abortion have available 
to them two recent studies from the United States, 
neither of which shows an increased risk of prematuri- 
ty in the next pregnancy. 

Stephen C. Schoenbaum, M.D. 
Richard Monson, M.D. 
Phillip G. Stubblefield, M.D. 
Philip D. Darney, M.D. 
Kenneth J. Ryan, M.D. 
721 Huntington Avenue 
Boston, Massachusetts 02115 
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Treatment of pelvic inflammatory disease 
To the Editors: aes 
In a recent issue of The Journal of the American Medical 


Association (243:414, 1980), Dr. Franz Joseph Ingel- 
finger, noted gastroenterologist and editor emeritus of 


: The New England Journal of Medicine, was quoted as say- 


ing that he finds offensive “the increased number of 
authors per paper” and that “some of the beter givea- 
ways, not throwaways, are more informative, more 
professional, more lively than the poorer standard 
journals.” An example of what Dr. Ingelfinger was al- 
luding to has recently been published in the AMERICAN 
JOURNAL OF OBSTETRICS AND GYNECOLOGY (136:179, 
1980), as evidenced by the article, entitled “The mi- 
crobiology and therapy of acute pelvic inflammatory 
disease in hospitalized patients,” authored by Thomp- 
son, Hager, Wong, Lopez, Ramsey, Allen, Stargel, 
Thornsberry, Benigno, Thompson, and Shulman. Al- 
though there is definite need for investigation into the 
pathogenesis and treatment of pelvic inflammatory 
disease, this work adds little to that knowledge. 

The information obtained on the organisms isolated 
from various sites and the determination of the mini- 
mal inhibitory concentrations are to be commended, 
but .I do not believe the authors’ conclusions can 
be justifed with the information as presented. They 
stated that there was no difference in disease outcome 
with either parenteral penicillin and gentamicin or oral 
amoxicillin and that the initial detection of an abscess 
does not contraindicate a trial of medical therapy, since 
most will resolve on antibiotics alone. 

In the text, the authors reported that the patients on 
parenteral penicillin and gentamicin were switched “as 
soon as possible to ampicillin 2 gm by mouth” while the 
other group continued on amoxicillin but in a reduced 
dose. It is dificult for the reader to determine the 
length of therapy with penicillin and gentamicin for 
each patient, as this is not clearly stated. It is possible 
that the actual comparison in this study may be am- 
picillin to amoxicillm, with the expectation that both 


_ drugs would result in similar patient responses. 


I question the authors as to how they determined 
that the patients had a pelvic abscess as they made the 
statement that “most will resolve on antibiatics alone.” 
In 25 of the 30 patients studied, the pélvis was not 
directly visualized. I am amazed at the ability of the 
gynecologic resident to determine accurately which 
patient had a. pelvic abscess in the face of acute pel- 
vic inflammatcry disease with abdominal ede 
guarding, and adnexal tenderness. 

The authors seem to disregard the fact that there is 
much more to the treatment of pelvic inflammatory 
disease than following the response of temperature, 
white blood ceil count, and a left shift. If one wishes to 
preserve a patient’s fertility, it may be that aggressive 
parenteral antibiotic therapy will be required to pre- 
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vent the long-term sequelae pi pelvic inflammatory 
disease. 

It iş to be noid that the legends for Figs. r and 2 
have been inadvertently reversed. 


Although the authors. have -attempted | to give the’ 


practitionér a clearer view of the treatment of pelvic 
inflammatory disease, they have only further muddied 
the waters surrounding this clinical entity. It is hoped 


_ that the reader will not jump on the bandwagon of this - 


oral therapy for pelvic inflammatory Cisease but will 


continue to use sound medical judgment in treatment - 


of ppi; serious infection. 
Louis Weinstein, M. D. 
Department of Obstetrics and Gynecology 
University of Arizona Health 
Sciences Center 
Tucson, Arizona 85724 


Reply to Dr: Weinstein 
ae the Editors: 

- All those who contributed aera to sythe study 
authored the paper. 

We recognize that to seeded diagnose a pelvic 
abscess by physical examination during thë early stages 
of acute pelvic inflammatory disease (PID) is difficult 
because of the abdominal tenderness and guarding. 
However, every. day one of the study, team physi- 
cians (as stated in the text), all of whom. were experi- 
enced clinicians, performed pelvic examinations.on the 
patients. 

We did not state categorically that either of our reg- 
imens is a cure-all for patients with suspected pelvic 
abscess. We merely noted that some women who prob- 
ably had an abscess were clinically cured by the time of 
follow-up exarnination; the text indicates that all were 
not cured, but with a substantial number of cures a trial 
of medical therapy is initially acceptable. 

We agree with Dr. Weinstein that there is ‘much more 
to the treatment of PID than observing the tempera- 
ture, the white blood cell count, and the differential cell 
count. We used those as ancillary objective mea- 
surements to help demonstrate the similarity between 


the penicillin/gentamicin and amoxicillin treatment . 


groups. Clearly the major indicator of improvement 
and the ultimiate assessment of cure was clinical re- 
sponse. We attempted to organize this complex re- 
sponse into an objective severity score to allow us to be 
able to compare patients seen by different physicians 
and to act as a rough guide of day-to-day improvement 
in the patient for the individual physician. We do not 
think the principles of treating infectious diseases 


change merely because the patient is a woman and has - 


PID; the white blood cell.count and differential cell 
count are still useful ways to evaluate infection. 
It is certainly true that effective therapy may be re- 
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“quired to prevent infertility but whether this is the 


same as Dr, Weinstein’s “aggressive” therapy is not 

clear. Merely giving antibiotics for a long time by 

vein—aggressive therapy—is not always the answer. 

We have merely, stated in our conclusion that the two 

regimens were equally effective in this study. We make 

no claims about oral antibiotics as drugs of choice. 
The. paper speaks for itself about the seriousness of 

me disease when treátment failures are discussed. 

Sumner E. Thompson, M.D. 

Clinical Studies Section 

Venereal Disease Control Division 

Bureai. of State Services 

Center for Disease Control 

Atlante, Georgia 30333 


Niajor vessel injury aina laparoscopy 


To the Editors: ` 

Major vessel injury during laparoscopy, as reported 
by Katz and associates,! fortunately is a rare occur- 
rence. Tt is my opinion that accidents of this sort are 
almos: invariably due to operator error. In all but the 
most obese patient, it is possible to palpate the aorta up 


_ to its point ‘of bifurcation. It is, therefore, a simple mat- 


ter to -nsert the néedle below this point. -The position of 
the umbilicus relative to the termination of the aorta is 
an urreliable topographic guide. A technique which 
has proved helpful to’ ascertain proper placement is 
that cf using a saline-filled 10 ml syringe barrel at- 
tached to the needle with the valve open.? Under these 
circumstances, the room air pressure coupled with the 
negative pressure within the abdominal cavity during 
respiration will produce a rapid flow of the saline by 
gravity alone, giving a good visual end. point, The 
plunger i is then iriserted into the barrel and aspiration 
is performed to make sure there is no return of saline, 
blood, urine, or fecal material: 

A second point is that i injury to the iliac vessel must 
necessarily occur if the needle or trocar is placed off 
the midline. This is contrary to good technique except 
in these cases where dense midline sear tissue presents 


a prcblem. If one inseris the needle well below the 


aorta, the only fixed vessel that is vulnerable is the 
midde sacral artery. Finally, the suggestion of the au- 


‘thors: that raising the abdominal wall with towel clips 


will overcome problems is orie which produces an illu- 
sion-of safety. Elevation of the skin does nothing to the 
peritoneum and only increases the distance over which 
the needle mus: travel. It is occasionally possible to ele- 
yate manually the éntire abdominal wal]; this is true 
only in thin patients who also have lax: musculature. 
Overzealous use of towel clips to elevate the entire ab- 
dominal wall may result in pinning the bowel between 
the points of the instrument. Therefore, the best tech- 
nique remains one of entry into the abdomen below the 
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bifurcation of the great vessels and aiming toward the 
sacral concavity. 

S. L. Corson, M.D. 
829 Spruce Street 
Suite 490 
Philadelphia, Pennsylvania 19167 
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To the Editors: 

It was a pleasure to see case reports of this major 
concern of laparoscopists appear from American au- 
thors in an American journal. The authors are to be 
congratulated for overcoming the legal inhibitions of 
our times and sharing with us their experiences and 
insights. As Chairman of the Complications Committee 
of the American Association of Gynecologic Laparos- 
copists, I have heard of over 100 of such major vessel 
injuries in the United States and have been dismayed 
that the physicians concerned were fearful of publish- 
ing these occurrences. The article by Katz and associ- 
ates, is to my knowledge the first such report in the 
American literature. l 

In analyzing the probable cause of arterial lacera- 
tions, the authors correctly identify the need to elevate 
the abdominal wall before blind insertion of instru- 
ments. This is particularly true in small, nulliparous 
women, with strong abdominal walls, where the aorta 
may lie less than an inch below the umbilicus. The 
technique the authors recommend (raising the abdom- 
inal wall with towel clips) is satisfactory, but other 
techniques are equally useful. Many laparoscopists 
grasp the lower abdomen and elevate it so as to elevate 
the umbilicus up and away from the posterior pelvic 
vessels. Peritoneoscopists have traditionally asked the 
patient to inhale and “bear down,” thus pushing the 
rectus muscles away from the pelvic vessels with the 
bowel. Hasson! recommended suturing the fascia with 
strong catgut and pulling on the fascia directly, rather 
than relying on towel clips which occasionally sip in 
obese patients. ’ 

The Z technique of insertion has the risk which the 
authors describe—lack of control in the thrust of the 
trocar, with the resultant lateral insertion into a com- 
mon iliac artery or vein. This problem, incidently, is 
also a feature of the insertion of the second-puncture 
trocar off the midline and above the umbilicus. At least 
one death has occurred in the United States because of 
a puncture of the common iliac artery by the second- 
puncture trocar. The physician inserting these trocars 
may be unaware of the direction in which the trocar is 
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actually being pointed. It is useful to have a colleague 
stand at the head or foot of the table with a clear view 
of the lateral direction in which the primary and sec- | 
ondary trocars are being inserted. A few such observa- 
tions will correct a physician’s inadvertent bad habit of 
directing a trocar more laterally than he intends and 
will further minimize the risk of major vessel injury. 

I would like to thank the authors for providing this 
opportunity to comment on this major complication 
and for suggesting additional ways of minimizing its 
occurrence. 

Jj. E. Hulka, M.D. 
Department of Obstetrics and Gynecology 
University of North Carolina at Chapel Hill 
Chapel Hill, Nerth Carolina 27514 
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Pregnancy in a patient with three negative 
pregnancy tests and hyperprolactinemia 


To the Editors: i 

The current topic in vogue in obstetrics and gynecol- 
ogy is hyperprolactinemia and the various tests to ade- 
quately determine the etiology and ultimate treatment 
of the condition. This case report serves to illustrate 
that we must continue to think of the simpler, more 
common diagnosis while we are entangled in the 
myriad of tests involved to evaluate the condition. 


H. M., a 27-year-old woman, had a history of normal men- 
ses until January 21, 1980. She was seen in the office on March 
20, 1980, complaining of amenorrhea. She denied nausea and 
vomiting, breast tenderness, urinary frequency, and lassitude. 
She also denied galactorrhea, weight gain, and hirsutism. Two 
prior pregnancy tests were negative. Physical examination re- 
vealed a slightly soft, normal-sized, anteflexed uterus. A re- 
peat pregnancy test was negative and she was given Provera, 
10 mg every day for 5 days, to bring on a How. The patient 
returned to the office April 7, 1980, stating that she had no 
withdrawal bleeding. Pelvic examination was unchanged. A 
serum sample for determination of prolactin was obtained. 
On April 10, the patient aborted and underwent dilatation 
and curettage. The pathology report revealed acutely in- 
flamed necrotic decidua and fragments of gestational endo- 
metrium. The prolactin level, reported April 11, was 48.5 
ng/ml. 


Hyperprolactinemia can occur in a variety of condi- 
tions.’ It is believed to interfere with fertility, and 
treatment regimens have been devised to inhibit the 
circulating level of prolactin.? However, the most 
common cause of hyperprolactinemia is pregnancy and 
this should always be ruled out prior toa full investiga- 
tion. Perhaps a pelvic sonogram should be obtained in 
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all patients with elevated prolactin levels. In this way an 
extensive workup with its inherent risks of radiation to 
the fetus could be avoided. 

Richard L. Fox, M.D., F.A.C.O.G. 
280 Hobart Street 
Perth Amboy, New Jersey 08861 
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Amniotic fluid lipids of patients with sickle 
cell disease 


To the Editors: 

This letter is in reply to the comments of Dr. Eric J. 
Sing (AM. J. OBSTET. GYNECOL. 136:1089, 1980) on the 
publication of S. K. Das and H. W. Foster, “Amniotic 
fluid lipids in sickle cell disease,” in the January 15, 
1980, issue of the JOURNAL, on page 211. 

We are pleased that Dr. Sing has expressed an inter- 
est In our views on the presence of polyunsaturated 
fatty acids in amniotic fluid lecithin.’ In our study, we 
analyzed total lecithin that included not only surfactant 
but also nonsurfactant lecithin. Lung surfactant leci- 
thin is mostly of the dipalmitoy] type. It is produced by 
a complex mechanism involving either a deacylation- 
reacylation or a deacylation-transacylation process to 
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retailor the fatty acyl moieties of phosphatidylcholine 
(PC) produced de novo by the cytidine diphosphate 
choline pathway. PC produced de novo contains un- 
saturated fatty acids including prostaglandin precur- 
sors in the 2-position. It is possible that in sickle cell 
anemia the auxiliary processes function at a reduced 
capacity and thereby the unsaturation at the 2-position 
of PC is preserved. Polyunsaturated fatty acids at the 
2-position of PC may thus be precursors of prosta- 
glandins in sickle cell anemia and thereby linked in 
some way to the respiratory distress syndrome. In re- 
gard to the high amounts of phosphatidvlserine and 
phospnatidylethanolamine found in the amniotic fluid 
of sickle cell patients, we suggest that these lipids may 
be involved in blood clotting in sickle cell patients since 
these two lipids are known to be responsible for the 
throm oplastic activity of platelets.” 
S. K. Das, Sc.D., D.Sc. 
Departments of Biochemistry 
and Obstetrics and Gynecology . 
H. W. Foster, M.D. 
Department of Obstetrics and Gynecology 
Mehar-y Medical College 
1005 8th Avenue North 


_ Nashville, Tennessee 37208 
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Fourth Annual Mid-Winter Symposium in 
Obstetrics and Gynecology 


The Fourth Annual Mid-Winter Symposium in 
Obstetrics and Gynecology will be held February 25-27, 
1981, at the Scottsdale Hilton Hotel, Scottsdale, 
Arizona. It is cosponsored by the Phoenix Obstetrics 
and Gynecology Society and the Department of 
Obstetrics and Gynecology, Maricopa County General 
Hospital. 

For information contact: The Secretary, Phoenix 
OB/GYN Society, 333 E. Virginia, Suite 222, Phoenix, 
Arizona 85004. 


Twelfth International Congress of Chemotherapy 


The Twelfth International Congress of Chemother- 
apy will be held July 19-24, 1981, in Florence, Italy. 
Deadline for abstracts: February 15, 1981. 

For information write: Secretariat, 12th Interna- 
tional Congress of Chemotherapy, Via della Scala, 10, 
50123-Florence, Italy. 


Clinical Focus: Obstetrics and Gynecology 


A program, entitled “Clinical Focus: Obstetrics and 
Gynecology,” sposored by SUNY-Upstate Medica] Cen- 
ter, will be held February 15-21, 1981, at the Hilton 
Inn, Lake Placid, New York. | 
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For more information contact: Program Coordina- 
tor, Cffice of Continuing Education, Upstate Medical 
Center, State University of New York, 750 East Adams 
St., Syracuse, New York 13210. 


Oral Examination of American Board 
of Obstetrics and Gynecology 


If you passed the written examination on or before 
June 30, 1979, you may be eligible to apply for the oral 
examination to be held in 1981. The appropriate forms 
and current bulletin may be obtained by writing to the 
Office of the Secretary, at the address shown below, in 
November-December of 1980. The deadline date for 
the receipt of applications in the office of the secretary 
is February 28, 1981. 

To be ruled eligible, candidates must have unre- 
stricted hospital privileges with independent unsuper- 
vised paten: care. Candidates who are subspecialty Fel- 
lows are required to have one year of independent 
practice with unrestricted hospital privileges following 
the Fellowship. All candidates will be required to sub- 
mit a list of all patients discharged from hospitals for a 
one-y2ar span, 

James A. Merrill, M.D., Secretary-Treasurer, The 


596 Items 


American Board of Obstetrics and Gynecology, Inc., 
711 Stanton Young Boulevard, pe City, Okla- 
homa 73104. | 


Twenty-second Annual Obstetrics and | 
Gynecology Update . 


The Department of Obstetrics and Gynecology, Uni- 
versity of Utah College of Medicine, will present a clini- 
cally oriented postgraduate course which will be held at 
the Holiday Inn, Park City, Utah, February 21-24, 
1981. Registrants will be updated in a variety of topics 
in obstetrics and gynecology. Presenting along with 
University of Utah faculty will be William Spellacy, 
M.D., C. Don Christian, M.D., and John Hobbins, M.D. 
This course has been approved for 15 cognates, Formal 
Learning, by The American College of Obstetricians 
and Gynecologists. The University of Utah certifies 
_ that this Continuing Medical Education activity meets 
the criteria for 15 hours in Category I of the American 
Medical Association. 

For further information contact: David H. En- 
gleberg, Department of Obstetrics and Gynecology, 
University of Utah College of Medicine, 50 North Med- 
ical Dr., Salt Lake City, Utah 84132. 


Gynecologic Oncology Program 


The Department of Obstetrics and Gynecology, Uni- 
versity. of Utah College of Medicine, will present a clini- 
cally oriented postgraduate course which will be held at 
the Holiday Inn, Park City, Utah, February 25-28, 
1981. Registrants will be updated in the subspecialty of 
gynecologic oncology. Presenting along with University 
of Utah faculty will be some of the foremost gyneco- 
logic oncologists in the United States today. This course 
has been approved for 13 cognates, Formal Learning, 
by The American College of Obstetricians and Gyne- 
cologists. The University of Utah certifies that this 
Continuing Medical Education activity meets the crite- 
ria for 15 hours in Category I of the American Medical 
Association. 

For further information contact: David H. En- 
gleberg, Department of Obstetrics and Gynecology, 
University of Utah College of Medicine, 50 North Med- 
ical Dr., Salt Lake City, Utah 84132. 


Fourth European Congress on Ultrasonics in 

Medicine 

The Fourth European Congress on Ultrasonics in 
Medicine will be held May 17-24, 1981, at the Hotel 
Libertas in Dubrovnik, Yugoslavia. It is sponsored by 
the European Federation of Societies for Ultrasound in 
Medicine and Biology. 

For information write: Yugoslav Association of 
Societies for Ultrasound in Medicine and Biology, 
Brace Kavurića 17, 41000 Zagreb, Yugoslavia. 
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Endocrinology of Reproduction 


The Department of Obstetrics and Gynecology, 
Cornell University Medical College, in collaboration 
with the American College of Obstetricians and Gyne- 
cologists, will present a comprehensive postgraduate 
course, “Endocrinology of Reproduction,” at the 
Cornell University Medical College in New York, New 
York, December 5-7, 1980. 

For further information contact: Fritz Fuchs, M.D., 
Program Director, 530 East 70th St., New York, New 
York 10021. 


Advanced Educational Seminar: Diagnostic 
Ultrasound 


An Advanced Educational Seminar on Diagnostic 
Ultrasound will be held January 26-30, 1981. Itis spon- 
sored by the Health Sciences Centre, Winnipeg, Man- 
itoba, Canada. 

For further information contact: Advanced Educa- 
tional Program, Department of Diagnostic Ultrasound, 
Health Sciences Centre, 700 William Ave. , Winnipeg, 
Manitoba, Canada R3E 023. 


Update in Obstetrics and Gynecology: 1981 


Physicians are cordially invited to attend “Update in 
Obstetrics and Gynecology: 1981,” to be held at the 
Caribe Hilton in San Juan, Puerto Rico, March 2-6,. 
1981, sponsored by the Departments of Gynecology 
and Obstetrics, The University of Puerto Rico and The 
Johns Hopkins University School of Medicine. 

For further information contact: Program Coor- 
dinator, Continuing Education, Turner Auditorium 
Room 19, 720 Rutland Ave., Baltimore, Maryland 
21205. 


Fourth National Conference on Rural 
Primary Care 


The National Rural Primary Care Association is 
pleased to announce that they will be sponsoring a call 
for papers for the Fourth National Conference on 
Rural Primary Care. The Conference will be held on 
March 7-12, 1981, in Denver, Colorado. 

For information write: Search Committee, NRPCA, 
Box 1211, Waterville, Maine 04901, Attn: Vicki Coates. 


Microsurgery Course 


The Johns Hopkins Medical Institutions is offering a 
one-week Microsurgery Course to be held continuously 
throughout the year, scheduled from 8:00 am to 5:00 
PM daily. 

For further information contact: Program Coor- 
dinator, Continuing Education, Turner 22, 720 Rut- ` 
land Ave., Baltimore, Maryland 21205. 
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Winter Conference on ultrasound, computed 
tomography, and nuclear medicine 


The “Winter Conterence” on ultrasound, computed 
tomography and nuclear medicine will be held Feb- 
ruary 1-8, 1981, at the Sahara Tahoe Hotel, Lake 
Tahoe (Stateline), Nevada. 

For information write: American College of Medical 
Imaging, P. O. Box 27188, Los Angeles, California 
90027. . 


Pan-American Conference on Fertility 

and Sterility 

The Pan-American Conference on Fertility and 
Sterility will be held February 12-20, 1981, at the Mul- 
let Bay Beach Hotel, St. Maarten, Netherlands, Antilles. 

A Pre-Conference Postgraduate Course will be pre- 
sented February 12, 1981. 

For scientific details and information contact: U. S. 
International Foundation for Studies in Reproduction, 
Inc., 112-44 69th Ave., Forest Hills, New York 11375. 

For information on travel and accommodations con- 
tact: Medical Congress Coordinators, 1212 Avenue of 
the Americas, New York, New York 10036. 


University of Florida—Disney World 1981 
Update in OB/GYN 


“The University of F Jorida—Disney World 1981 Up- 
date in OB/GYN will be held February 9-11, 1981, at 
the Marriott Inn, Orlando, Florida. 

For information contact: Frank C. Riggall, M.D., Box 
J-294, Shands Teaching Hospital, Gainesville, Florida 
32610. 
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Postgraduate course in Gynecologic and 
Obstetric Pathology 


The Departments of Pathology, Massachusetts Gen- 
eral Hospital and Boston Hospital for Women, are 
sponsoring a postgraduate course in Gynecologic and 
Obstetric Pathology, April 13-17, 1981. 

For further information, please contact: Department 
of Continuing Education, Harvard Medical School, 25 
Shattuck St., Boston, Massachusetts 02115. l 


Tenth Meeting of the International Study Group 
for Steroid Hormones 


The Tenth Meeting of the International Study 
Group for Steroid Hormones will be held in Rome, 
Italy December 2-4, 1981. The topic will be “Hormone 
Factors in Fertility, Intertility, and Contraception.” 
The meeting is sponsored by Organon International 
BV, Radim. 

For information write: Prof. C. Conti, Clinica Med- 
ica v. Universita di Roma, Policlinico Umberto I, 00100 
Rome, Italy. 


Second Annual Patient Education 
Research Seminar 


The Second Annual Patient Education Research 
Seminar will be held December 6-7, 1980, at the Uni- 
versity of California, San Francisco, Cole Hall. 

For registration information contact: University of 
California, San Francisco, Continuing Education 
in Health Sciences, 1308 3rd Ave., San Francisco, 
California 94143. For program information contact: 
University of California, San Francisco, Continuing 
Education ‘in Health Sciences, 24 Kirkham Ave., San 
Francisco, California 94143. 


BOOKS 


Books received 


Epidemiology of Anencephalus and Spina Bifida. J. 
Mark Elwood and J. Harold Elwood. 413 
pages, illustrated. New York, 1980, Oxford 
University Press. $69.50. 

Frozen Human Semen. A Royal College of Obstetri- 
clans and Gynaecologists Workshop on Cryo- 
biology of Human Semen and Its Role in Ar- 
uficial Insemination by Donor, March 22 and 
23, 1979. Edited by D: W. Richardson, Ð. 
Joyce, and E. M. Symonds. 272 pages. Boston, 
1980, Kluwer Boston, Inc. $49.50. 

Hypertension in Pregnancy Concepts and Manage- 
ment. Norman F. Gant, Jr., and Richard J. 
Worley. 211 pages, illustrated, New York, 
1980, Appleton-Century-Crofts. No price 
listed. . 

Management of High Risk Pregnancy. Edited by John 
T. Queenan. 705 pages, illustrated. Oradell, 
New Jersey, 1980, Medical Economics Books. 
No price listed. i 

Managing Sexual Dysfunction. A Basic Guide. John F. 
O’Connor. 156 pages, illustrated. Oradell, 
New Jersey. 1980, Medical Economics Com- 
pany. $9.95. (soft cover). 
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Microsurgery in Female Infertility. Edited by P. G. 
Crosignanit and B. L. Rubin. 134 pages, illus- 
trated. New York, 1980, Grune & Stratton. 
$21.00 (soft cover). . 

Oxford Reviews of Reproductive Biology. Vol. 1, 
1979. Edited by C. A. Finn. 485 pages. New 
York, 1979, Oxford University Press. $67.50. 

The Safety of Fertility Control. Vol. 1. Focus on Wom- 
en. Edited by Louis G. Keith, Deryck R. Kent, 
Gary S. Berger, and Janelle R. Brittain. 360 
pages, illustrated. New York, 1980, Springer 
Publishing Company. $23.50. 

Sports Medicine for the Athletic Female. Edited by 
Christine E. Haycock. 412 pages, illustrated. 
Florence, Kentucky, 1980, Medical Economics 
Books. $27.50. 

Surgical Geriatric Gynecology. Contributions to Gy- 
necology and Obstetrics. Vol. 7. V. Jaluvka. 
173 pages, illustrated. White Plains, New 
York, 1980, Albert J. Phiebig, Inc. $53.50 (soft 
cover). 


CHARLES C THOMAS -« PUBLISHER 





New! ARTIFICIAL INSEMINATION 


By Wilfred J. Finegold, Pittsburgh, 
Pennsylvania. Designed for the infer- 
tile couple, this book explains the 
practice of artificial insemination with 
the husband’s sperm (AIH). The au- 
thor describes the development of aru- 
ficial insemination — generally done, 
in the past, with donor sperm — and 
its recent successes using the sperm of 
the husband. 


The text begins by familiarizing the 
` reader with the nomenclature involved 
in artificial insemination and the his- 
tory of both AIH and artificial insemi- 
nation with donor sperm (AID). 
Background information on the rela- 
tion of artificial insemination to 
animal husbandry, the physiology of 


WITH HUSBAND SPERM 


reproduction, and the prccedures used 
in AID follows. Ovulation, the differ- 
ences between AIH and AID, and the 
burgeoning interest in and use of AIH 
also are discussed. 


Indications for and methods used in 
the AIH process are ful-y described. 
The author explains the usefulness of 
AIH in cases involving retrograde ejac- 
ulation, split ejaculate, oligospermia, 
immunological factors, and hostile 
cervical mucus. He reviews psycholog- 
ical and religious considerations as 
well, and he includes data on such 
topics as test-tube babies. sex prefer- 
ences, and surrogate motherhood. The 
‘ext closes with chapters on sperm 


freezing, the separauon and filtration 
of sperm in relation to AIH, and the 
use of donor seminal plasma in AIH. 


Because the text is aimed at the 
patient-couple rather than the expert 
gynecologist, the author presents the 
material in a straightforward, nontech- 
nical manner. Thus, it will be easily 
understood by the layperson, but 
general medical practitioners and 
specialists in areas other than obste- 
trics/gynecology will find the book ac- 
curate, up-to-date and useful in 
understanding the rationale for and 
techniques of artificial insemination 
with husband sperm. ’80, 96 pp., 
$14.75 





New! THE DEVELOPMENT OF THE BRAIN: Bio- 
logical and Functional Perspectives by Stanislav Reinis and 
Jerome M. Goldman, doth of Univ. of Waterloo, Waterloo, 
Ontario, Canada. ’80, 416 pp., 192 il, 17 tables, $29.75 


PRENATAL PATHOLOGY: Fetal Medicine dy T. V. N. 
Persaud, Univ., of Manitoba, Winnipeg, Manitoba, Canada, 
in collaboration with M. Ray and H. Rigatto. Foreword by 
T. M. Roulston. ’79, 212 pp., 76 il, 31 tables, $25.25 


NUTRITIONAL FACTORS IN GENERAL MEDICINE: 
Effects of Stress and Distorted Diets by Mark D. Altschule, 
Harvard Medical School, Boston. ’78, 200 pp., $11.75 


GENETICS ISSUES IN PUBLIC HEALTH AND MEDI- 
CINE edited by Bernice H. Cohen, Abraham M. Lilienfeld 
and P. C. Huang, all of Johns Hopkins Univ. School of 
Hygiene and Public Health, Baltimore, Maryland. (28 Con- 
tributors) ’78, 512 pp., 44 il., 42 tables, $34.50 


PATHOPHYSIOLOGY OF THE KIDNEY edited by Neil 
A. Kurtzman, Univ. of Illinois, Chicago, and Manuel 
Martinez-Maldonado, Univ. of Puerto Rico, San Juan. (40 
Contributors) ’77, 1104 po. (6 3/4 x 9 3/4), 266 il., 64 tables, 
£95.00 


THE HUMAN FETAL AND NEONATAL CIRCULA- 
TION: Function and Structure by S. Zoe Walsh, Karolinska 
Hospital and Institute, Stockholm, Sweden; W. W. Meyer, 
Univ. of Mainz, Mainz, Federal Republic of Germany; and 
John Lind, Karolinska Hospital and Institute, Stockholm, 
Sweden. ’74, 368 pp. (7 x 10), 275 il. (68 in color), 22 tables, 
$19.00 


SEXUALLY TRANSMITTED DISEASES compiled and 
edited by Leslie Nicholas, Hahnemann Medical College and 
Hospital, Philadelphia. Foreword by Herman Beerman. (22 
Contributors) 73, 264 pp., 42 il, 29 tables, $18.50 


THE PRENATAL DIAGNOSIS OF. HEREDITARY DIS- 
ORDERS by Aubrey Milunsky, Harvard Univ., Boston. 
Foreword by John W. Littlefield. ’73, 276 pp., 18 il. (2 in 
color), 26 tables, $15.25 


e Oers with remittance seni, on avoproval, postpaid 


301-327 East Lawrence Avenue 


MATERNAL NUTRITION AND CHILD HEALTH by 
Douglas R. Shanklin, Univ. of Chicago, and Jay Hodin, 
Society for the Protection of the Unborn Through Nutri- 
tion, both of Chicago. Foreword by S. L. Manocha. ’79, 224 
pp.. 9 il., 68 tables, $16.25 


New! TEENAGE PREGNANCY: Research Related 
to Clients and Services by Jean E. Bedger, United Way of 
Me-ropoletan Chicago, Chicago. (3 Contributors) ’80, 224 
pp.. 43 tables, $16.75 


COLPOSCOPY: A Scientific and Practical Approach to the 
Cervix and Vagina in Health and Disease (2nd Ed.) by 
Malcolm Coppleson, King George V Memorial Hospital, 
Sydney, Australia; Ellis Pixley, King Edward Memorial 
Hospital, Perth, Australia; and Bevan Reid, Univ. of 
Sydney, Sydney, Australia, (5 Contributors) ’78, 512 pp. (6 
3/4 x 9 3/4), 306 il. (1 in color), 11 tables, $40.25 


GENITOURINARY PROBLEMS IN WOMEN by Jack R. 
Rokertson, Univ. of Southern California Medical Center, 
Los Angeles. Foreword by Richard W. TeLinde. ’78, 168 
pp., 105 1}. (32 in color), 2 tables, $20.25 


CHRONOGENETICS: The Inheritance of Biological Time 
by Luigi Gedda and Gianni Brenci, both of Gregor Mendel 
Institute of Medical Genetics and Gemellology, Rome, 
Ital. ’78, 232 pp., 65 il., 27 tables, $24.00 


RAPE VICTIMOLOGY edited by LeRoy G. Schultz, West 
Virginia Univ., Morgantown. (19 Contributors) ’75, 424 
pp., 13 tables, $35.50 


THE PLACENTA: Biological and Clinical Aspects edited 
by Eamran S. Moghissi and E. S. E. Hafez, both of Wayne 
State Univ., Detroit, Michigan. (29 Contributors) ’74, 412 
pp., 162 il, 30 tables, §37.50 


BIRTH DEFECTS AND FETAL DEVELOPMENT: Endo- 
crine and Metabolic Factors edited by Kamran S. Moghissi, 
Wayne State Univ., Detroit, Michigan. (22 Contributors) 
74; 352 pp., 94 il. (1 in color), 45 tables, $31.00 
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UNIVERSITY OF MISSISSIPPI 
MEDICAL CENTER 
MATERNAL-FETAL MEDICINE 


Positions Available For: 
Attending Staff Physician and in 
Accredited Fallowship Program 


i 
Attending Staff Position: Applicants must be eligible or certified 
by the American Board of Obstetrics and Gynecology. The candi- 
date should be interested in teaching; clinical obstetrics, region- 
alization and be research oriented. Completion of a fellowship in 
Maternal-Fetal Medicine from an approved program is desirable. 


Maternal-Fetal Medicine Fellowship: Positions in this accredited 
fellowship program are available beginning July 1, 1981. The 
program involves a two year commitment in care of high risk 
patients, clinical/ basic research, and organizational areas of per- 
inatology. The University of Mississippi Medical Center serves as 
the regional center for maternal transport fer the entire state as 
well as having an active obstetric service in excess of 4300 deliv- 
eries annually. Active research personne! and support facilities 
are available in obstetric endocrinology, infectious disease, cyto- 
genetics, and medical complications of pregnancy. Applicant 
must be eligible for or certified by the American Board of Obstet- 
rics and Gynecology. 

Interested candidates for either position should sead a curriculum 
vitae to: 


John C. Morrison, M.D. 

Director, Division of Maternal-Fetal Medicine 
Department of Obstetrics and Gynecology 
University of Mississippi Medical Center 
2500 North State Street 

Jackson, MS 39216 


POSTDOCTORAL 
FELLOWSHIPS 


One- to two-year postdoctoral fellowships in 
medical genetics are available at the Na- 
tional Jewish Hospital and Research Center 
and the University of Colorado Health 
Sciences Center under the direction of Dr. 
Arthur Robinson, Professor of Biochemis- 
try, Biophysics and Genetics and Professor 
of Pediatrics at the School of Medicine, and 
Director of the Cytogenetics Laboratory at 
National Jewish Hospital and Research Cen- 
ter. The fellowships are designed to prepare 
physicians for the application of clinical 
genetics and cytogenetics to primary care. 
Pediatricians, obstetricians and family prac- 
titioners will receive special attention. 


Contact: 
Arthur Robinson, M.D. 
Vice President 
for Professional Services 
National Jewish Hospital 
and Research Center 
3800 E. Colfax Ave. 
Denver, Colorado 80206 





GYNECOLOGIST 


U.S. Public Health Service Hospital, 
Seattle, is seeking a Gynecologist; sub- . 
specialty training in reproductive endo- 
crinology, infectious diseases or Health 
Services Research is desired. 


The hospital is associated with the Uni- 
versity of Washington Medical School; 
position will include clinical or full time 
faculty appointment with emphasis on 
patient care and teaching of residents 
and students. Appointment is possible 
either as a Commissioned Officer in the 
U.S. Public Health Service or in Fed- 
eral Civil Service. Please send curric- 
ulum vitae to: 

R.M. Briggs, M.D. | 

Chief, Gynecology Department 

U.S. Public Health Hospital 

Seattle, Washington 98114 

AN EEO EMPLOYER. 


FACULTY POSITIONS 
IN OBSTETRICS 
AND GYNECOLOGY 


RANK—Open, commensurate with training 
and experience 


M.D. with certification, or eligibility for cer- 
tification, by the American Board of Obstetrics 
and Gynecology.and special competence in: 


1. Gynecology Oncology 
2. Maternal-Fetal Medicine 


3. General Obstetrics-Gynecology/ - 
Ambulatory care 


Interest and experience in undergraduate and 
graduate education and/or basic research, and 
clinical practice of Obstetrics and Gynecology. 


For further information contact: 
R. M. Pitkin, M.D., Professor and Head 
Department of Obstetrics and Gynecology 
University of Iowa Hospitals 
lowa City, lowa 52242 


The University of lowa Is An Equal Opportunity/ 
Affirmative Action Employer 


= Choose apractice 
~ youcan live with. 


Hospital Corporation of America knows of arrival, you snovid.find a solid practice, con- 
many practice opportunities in communities | veniently located offices, and the medical 
across the nation where we can match a suppcrtand modern equipment you need. 
physician’s professional needs and personal Contact HCA today. Let our free, no ob- 
desires with an attractive community that ligation Professional Relations Program 
needs his or her skill. match your needs with an HCA practice op- 
HCA owns and manages morethan150 — portur ity. Just send your curriculum vitae, 
hospitals from coastto coastin settings rang- along with information on your personal, pro- 
ing from smail, rural towns to large metro- fessional, and geographical interests to: 
politan centers. Practice opportunities are Charles M. Wocden, Director, Professional 
available in solo, groups, asscciations, Relations, Hospital Corporation of 
and partnerships. America, One Park Plaza, Nashville, TN 
And HCA will help ease the way when | CQ2 A] 37203. Telephone toll free 1-800-251- 
you and your practice relocate. Upon ' 7 2561 orcall collect (615) 327-9551. 


Hospital Corporation of America. 
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UNIVERSITY OF 
_ BRITISH COLUMBIA 
DEPARTMENT OF OBSTETRICS 
AND GYNAECOLOGY 


Applications are invited for a full-time 
position at the above department. The 
applicant should have a background in 
perinatology and research. Experience in 
diagnostic ultrasound is desirable. Fac- 
ulty status and salary dependent upon 
_ experience and expertise. Applications 


with curriculum vitae and names of three 


-© references, or direct inquiries should be 


addressed to: 


Dr. Victor Gomel, Head 
Department of Obstetrics 
and Gynaecology 

University of British Columbia 
. Vancouver General Hospital 

Vancouver, British Columbia 

Canada V5Z 1M9 — 

Telephone: (604) 873-5441 

Local 3288 








OB /GYN 


Prepaid medical group practice, 
established 1976. 
TWO suburban care centers, each 
with 3 or 
4 BC/BE OBG'S. 

New comprehensive facilities. 
Well-staffed for clinical 
support, including Nurse 
Practitioners and hospital 
residents. Attractive salary 
structure and liberal fringes. 
Starting salary based 
on experience. 
Recruitment and relocation 
expenses covered. 
Unusually livable city. 
Send CV or call: 
Michael R. Soper, M.D.. 
Medical Director 
6801 E. 117th Street 
Kansas City, Missouri 64134. 
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The Cook County Graduate 
School of Medicine 


announces 
Specialty Review In 


OBSTETRICS AND 


GYNECOLOGY 


March 30 - April 4, 1981 
A.M.A. Category I Credit: 44 Hours 


For registration or further information: 


The Cook County Graduate School 
of Medicine 
707 South Wood Street 
Chicago, Illinois 60612 
(312) 733-2800 





Meran ramane ninani 





OBSTETRICIAN/ 
GYNECOLOGIST 


Board certified/eligible Ob/Gyn 
wanted to join expanding multispe- 
cialty group in Santa Rosa (50 min. 
from San Francisco). California li- 
cense, good starting salary leading to 
partnership, plus fringe benefits, mal- 
practice coverage, ample vacation 
and education leave. Excellent work- 
ing environment. POSITION AVAIL- 
ABLE NOW. An equal opportunity, 
affirmative action employer. 


Contact: 
Steven Batanides, M.D. 
Kaiser-Permanente Medical Center 
95 Montgomery Drive 
Santa Rosa, CA 95404 

Phone: (707} 544-1330 ext. 28] 





Composition: Each Bellergal-S Tablet 
gontains: phenobarbital, USP. central 
sedative (Warning: May be habit forming). 
40.0 mg: Gynergen (ergotammne tartrate. 
USP} sympathetic inhibitor, 0.6 mg, 
Bellafoline (levorotatory alkaloids of bella- 
donna. as malates) parasympathetic 
inhibitor, 0.2 mg. 


Properties and Therapeutics: Based on 
the concept that functional disorders 
frequently involve hyperactivity of both the 
sympathetic and parasympathetic nervous 
systems. the ingredients in Bellergal are 
combined to provide a balanced prepara- 
tion designed to correct imbalance of the 
autonomic nervous system. The integrated 
action of Bellergal is effected through the 
combined administration of ergotamine 
and the levorotatory alkaloids of bella- 
donna, specific inhibitors of the sympathetic 
and parasympathetic respectively. rein- 
forced by the synergistic action of pheno- 
barbital in dampening the cortical centers. 


indications: Bellergal is employed in the 
management of disorders characterized by 
nervous tension and exaggerated auto- 
nomic response: 

Menopausal disorders with hot flashes. 
sweats, restlessness and insomma 
Cardiovascular disorders with palpitation, 
tachycardia, chest oppression and 
vasomotor disturbances. 


Gastrointestinal disorders with hypermotility, 
hypersecretion, nervous stomach. and 
alternately diarrhea and constipation. 


Genitourinary — uterine cramps. etc 
Premenstrual tension 


interval treatment of recurrent throbbing 
headache, 








Contraindications: Peripheral vascular 
disease, coronary hean disease, hyperten- 
sion. impaired hepatic or renal function, 
sepsis, third trimester of pregnancy and 
glaucoma. Hypersensitivity to any of the 
components. 


Precautions: Even though the ergotamine 
tartrate content of this product is extremely 
low and untoward effects have been rare 
and insignificant, caution should be exer- 
cised if large or prolonged dosage is 
contemplated, and physicians shouid be 
alert to possible penpherail vascular corm 
plications in patients highly sensitive to 
ergot. Due to presence of a barbiturate, 
may be habit forming. 


Side Effects: Blurred vision, dry mouth, 
flushing, drowsiness occur rarely. 


Dosage: Bellergal-S Tablets: One in the 
morning and one tn the evening. 


How Supplied: Gellergal-S Tablets (com- 
pressed, scored tablets of tricolored 
pattern: dark green. orange and light 
lemon yellow) in bottles of 100. 


LABORATORIES y 
Owisien of Sandoz, inc. 
LINCOLN, NEBRASKA 684501 


NONHORMONAL therapy : 
for menopausal 

vasomotor instability 

IS receiving 

renewed attention. 


BELLERGAL'S 


Each Bellergal-S Tablet contains: phenobar- 
bital, USP central sedative (Warning: May be 

habit forming), 40.0 mg; Gynergen® (ergota- 
mine tartrate, USP) sympathetic inhibitor, 0.6 
mg; Bellafoline® (levorotatory alkaloids of bella- 

conna, as malates) parasympathetic inhibitor, 
.2 Mg 


Long clinical experience has estab- 
lished the effectiveness of Bellergal-S 
Tablets in managing menopausal dis- 
orders characterized by exaggerated 
autonomic response—hot flashes, 
sweats, restlessness, and insomnia. 


Because Bellergal-S reduces autonomic 
nervous system activity, symptoms of 
vasomotor instability are eliminated or 
significantly reduced. Bellergal-S does 
not contain estrogen in any form. That's 
one reason why it is receiving renewed 
attention from physicians who wish to 
avoid the potential complications of 
estrogen therapy in vasomotor instability. 








So when estrogen 
therapy is undesirable... 
prescribe 
Bellergal-S Tablets. 


Please see prescribing information 
on an adjoining page. 


© 1979 Dorsey Laboratories/Division of Sandoz, Inc. 


>- 31790 


November 15, 1980 : Neo 


volume 138, number 6 SR ss 





“ F&F OBSTETRICS 
AND GYNECOLOGY 


Copyright © 1980 by The C. V. Mosby Company 


Editor in Chief 
JOHN I. BREWER 


Editors 
FREDERICK P. ZUSPAN +· E. J. QUILLIGAN 


Associate Editor 
ALBERT B. GERBIE 


Emeritus Editors 
HOWARD C. TAYLOR, JR. » ALLAN C. BARNES 


Official Publication 


AMERICAN GYNECOLOGICAL SOCIETY 

AMERICAN ASSOCIATION OF OBSTETRICIANS AND GYNECOLOGISTS 
CENTRAL ASSOCIATION OF OBSTETRICIANS AND GYNECOLOGISTS 
SOCIETY OF OBSTETRICIANS AND GYNAECOLOGISTS OF CANADA 

SOUTH ATLANTIC ASSOCIATION OF OBSTETRICIANS AND GYNECOLOGISTS 
PACIFIC COAST OBSTETRICAL AND GYNECOLOGICAL SOCIETY 

AMERICAN BOARD OF OBSTETRICS AND GYNECOLOGY 

SOCIETY FOR GYNECOLOGIC INVESTIGATION 


PS Published by | 


THE C. V. MOSBY COMPANY i 
St. Louis, Missouri 63141 . = \" ISSN 0002-9378 





1. She wants convenience. 
2. She wants nonhormonal contraception. 
3. She smokes. 

4. She is over 35. 


9/ 3 


(intrauterine copper contraceptives) 


Answer their 
contraceptive priorities... 


T. For the contemporary woman who wants free- 
dom from rigid schedules, the copper IUD is a logi- 
cal choice because of its inherent convenience. 


2. For the new mother who wants to space her 
family...the copper IUD has no effect on lactation. 
Its efficacy rate is almost as high as that of.the Pill. 


M 





Therefore, the postpartum period may be an espe 
cially opportune time to insert a Cu-7 or Tatum-I, 
providing involution has occurred. 


3. For the woman —of any age—who smokes, the 
copper IUD produces no problems in association 
with smoking. 


4. For the woman who has passed the Pill years, 
but who still wants highly effective and reversible 
contraception, the copper IUDs are a logical 
choice. 


Intrauterine contraception is not appropriate for all women. See 
complete prescribing information prior to use. 


Please see next page for a brief summary of product information. 


Cu7/ Tatum-T 


(intrauterine copper contraceptives) 


Description: The Cu-7 has coiled around the vertical limb 89 mg. of copper wire providing 
approximately 200 mm? of exposed copper surface area. The Tatum-T has coiled around the 
vertical limb 120 mg. of copper wire providing approximately 210 mm? of exposed copper 
surface area. 


Contraindications: Not to be inserted when any of the following conditions exist: pregnancy 
or suspicion of pregnancy; abnormalities of the uterus resulting in distortion of the uterine 
cavity; acute pelvic inflammatory disease or history of repeated pelvic inflammatory disease; 
postpartum endometritis or infected abortion in the past three months: known or suspected 
uterine or cervical disease such as hyperplasia or carcinoma including unresolved, abnormal 
“Pap” smear: vaginal bleeding of unknown etiology: untreated acute cervicitis until infection 
is controlled; diagnosed Wilson's disease: known or suspected allergy to copper, previous 
ectopic pregnancy; significant anemia: and valvular heart disease, leukemia, or use of 
chronic corticosteroid therapy. 


Warnings 
1. Pregnancy: (a) Long-term effects. The long-term effects on the offspring of the presence of 
copper in the uterus when pregnancy occurs are unknown 

(b) Septic abortion. Reports have indicated an increased incidence of septic abortion 
associated in some instances with septicemia, septic shock and death in patients becoming 
pregnant with an IUD in place. Most of these reports have been associated with the mid- 
trimester of pregnancy. In some cases, the initial symptoms have been insidious and not 
easily recognized. If pregnancy should occur with a Cu-7 or Tatum-T in situ, the IUD should be 
removed if the thread is visible or. if removal proves to be or would be difficult. interruption of 
the pregnancy should be considered and offered to the patient as an option, bearing in mind 
that the risks associated with an elective abortion increase with gestational age. 

(c) Continuation of pregnancy. If the patient chooses to continue the pregnancy and the 
Cu-7 or Tatum-T remains in situ. she must be warned of increased risk of spontaneous 
abortion and increased risk of sepsis, including death. The patient must be closely observed 
and advised to report immediately all abnormal symptoms, such as flu-like syndrome, fever, 
abdominal cramping and pain. bleeding, or vaginal discharge, because generalized 
symptoms of septicemia may be insidious. 


2. Ectopic pregnancy: (a) Pregnancy which occurs with an IUD in situ is more likely to be 
ectopic than pregnancy occurring without an IUD. Therefore, patients who become pregnant 
while using a Cu-7 or Tatum-T should be carefully evaluated for the possibility of ectopic 
pregnancy. 

(b) Special attention should be directed to patients with delayed menses, slight 
metrorrhagia and/or unilateral pelvic pain, and to those patients who wish to interrupt a 
pregnancy occurring in the presence of a Cu-7 or Tatum-T, to determine whether ectopic 
pregnancy has occurred. 


3. Pelvicinfection: An increased risk of pelvic inflammatory disease associated with the use of 
IUDs has been reported. While unconfirmed, this risk appears to be greatest for young 
women who are nulliparous and/or who have multiple sexual partners. Salpingitis can result 
in tubal damage and occlusion, thereby threatening future fertility. Therefore, it is 
recommended that patients be taught to look for symptoms of pelvic inflammatory disease. 
The decision to use an|UD ina particular case must be made by the physician and patient with 
consideration of a possible deleterious effect on future fertility. 

Pelvic infection may occur with a Cu-7 or Tatum-T in situ and at times result in the 
development of tubo-ovarian abscesses or general peritonitis. The symptoms of pelvic 
infection include: new development of menstrual disorders (prolonged or heavy bleeding), 
abnormal vaginal discharge, abdominal or pelvic pain, dyspareunia, fever. The symptoms 
are especially significant if they occur following the first few cycles after insertion. 
Appropriate aerobic and anaerobic bacteriologic studies should be done and antibiotic 
therapy initiated promptly. If the infection does not show marked clinical improvement within 
24 to 48 hours, the Cu-7 or Tatum-T should be removed and continuing treatment reassessed 
on the basis of results of culture and sensitivity tests. 


4. Embedment: Partial penetration or lodging of the Cu-7 or Tatum-T in the endometrium or 
myometrium can result in difficult removal. This may occur more frequently in smaller uteri. 
See removal instructions. 


5. Perforation: Partial or total perforation of the uterine wall or cervix may occur, usually 
during insertions into patients sooner than two months after abortion or delivery, or in uterine 
cavities too small. The possibility of perforation must be kept in mind during insertion and at 
the time of any subsequent examination. If perforation occurs, laparotomy or laparoscopy 
should be performed as soon as medically feasible and the Cu-7 or Tatum-T removed. 
Abdominal adhesions, intestinal penetration, intestinal obstruction, and local inflammatory 
reaction with abscess formation and erosion of adjacent viscera may result if the Cu-7 or 
Tatum-T is left in the peritoneal cavity. 


6. Medical diathermy: The use of medical diathermy (short-wave and microwave) ina patient 

with a metal-containing IUD may cause heat injury to surrounding tissue. Therefore, medical 

ete to the abdominal and sacral areas should not be used on patients using a Cu-7 or 
atum-T. 


7. Effects of copper: Additional amounts of copper available to the body from the Cu-7 or 
Tatum-T may precipitate symptoms in women with undiagnosed Wilson's disease. The 
incidence of Wilson's disease is 1 in 200,000. 


Precautions 

1. Patient counseling. Prior to insertion the physician, nurse, or other trained health 
professional must provide the patient with the Patient Brochure. The patient should be given 
the opportunity to read the brochure and discuss fully any questions she may have 
concerning the Cu-7 or Tatum-T as well as other methods of contraception. 


2. Patient evaluation and clinical considerations. (a) A complete medical history should be 


obtained to determine conditions that might influence the selection of an IUD. A physical 
examination should include a pelvic examination, “Pap” smear, gonorrhea culture and, if 
indicated, appropriate tests for other forms of venereal disease. The physician should 
determine that the patient is not pregnant. 

(b) The uterus should be carefully sounded prior to insertion to determine the degree of 
patency of the endocervical canal and internal os, and the direction and depth of the uterine 


cavity. Exercise care to avoid perforation with the sound. DO NOT USE THE INSERTION 
INSTRUMENT AS A SOUND. In occasional cases, severe cervical stenosis may be 
encountered. Do not use excessive force to overcome this resistance. è 

(c) The uterus usually sounds to a depth of 6 to 8 cm. Insertion into a uterine cavity 
measuring less than 6.5 cm. by sounding may increase the incidence of pain, bleeding, 
partial or complete expulsion, perforation. and possibly pregnancy. 

(d) To reduce the possibility of insertion in the presence of existing undetermined 
pregnancy, the optimal time for insertion is the latter part of the menstrual flow or one or two 
days thereafter. The Cu-7 or Tatum-T should not be inserted post partum or post abortion until 
involution of the uterus is complete. The incidence of perforation and expulsion is greater if 
involution is not complete. 

itis, however, necessary to place the Cu-7 or Tatum-Tas high as possible within the uterine 
cavity to help avoid partial or complete expulsion that could result in pregnancy. 

Physicians are cautioned that it is imperative for them to become thoroughly familiar with 
the instructions for use before attempting placement of the Cu-7 or Tatum-T. 

(e) IUDs should be used with caution in those patients who have anemia or a history of 
menorrhagia or hypermenorrhea. Patients experiencing menorrhagia and/or metrorrhagia 
following IUD insertion may be at risk for the development of hypochromic microcytic 
anemia. Also, IUDs should be used with caution in patients receiving anticoagulants or 
having a coagulopathy. 

(f) Syncope, bradycardia or other neurovascular episodes may occur during insertion or 
removal of IUDs, especially in patients with a previous disposition to these conditions. 

(g) Patients with valvular or congenital heart disease are more prone to develop subacute 
bacterial endocarditis than patients who do not have such disease. Use of an IUD in these 
patients may represent a potential source of septic emboli. 

(h) Use of an IUD in patients with acute cervicitis should be postponed until proper 
treatment has cleared up the infection. 

(i) Since the Cu-7 or Tatum-T may be partially or completely expelled, patients should be 
reexamined and evaluated shortly after the first postinsertion menses, but definitely within 
three months after insertion. Thereafter annual examination with appropriate medical and 
laboratory evaluation should be carried out. The Cu-7 or Tatum-T should be replaced every 
three years. 

(j) The patient should be told that some bleeding or cramping may occur during the first few 
weeks after insertion, Dut if these symptoms continue or are severe she should report them to 
her physician. She should be instructed on how to check after each menstrual period to make 
certain that the thread still protrudes from the cervix and cautioned that there is no 
contraceptive protection if the Cu-7 or Tatum-T has been expelled. She should also be 
cautioned not to dislodge the Cu-7 or Tatum-T by pulling on the thread. If a partial expulsion 
occurs. removal is indicated and anew Cu-7 or Tatum-T may be inserted. The patient should 
be told to return within three years for removal of the Cu-7 or Tatum-T and for replacement if 
desired. 

(k) A copper-induced urticarial allergic skin reaction may develop in women using a 
copper-containingIUD. Ifsymptoms of such an allergic response occur, the patient should be 
instructed to tell the consulting physician that a copper-containing device is being used. 

(I) The Cu-7 or Tatum-T should be removed for the following medical reasons: menorrhagia 
and/or metrorrhagia producing significant anemia; uncontrolled pelvic infection; intractable 
pain often aggravated by intercourse, dyspareunia: pregnancy, if the thread is visible; 
andoniet or cervical malignancy; uterine or cervical perforation: or any indication of partial 
expulsion. 

(m) If the retrieval thread cannot be seen it may have retracted into the uterus or have been 
broken off, or the Cu-7 or Tatum-T may have been expelled. Localization usually can be made 
by feeling with a probe: if not. x-ray or sonography can be used. When the physician elects to 
recover a Cu-7 or Tatum-T with the thread not visible. the removal instructions should be 
considered. 

(n) If any patient with a Cu-7 or Tatum-T suddenly develops overt clinical hepatitis or 
abnormal liver function tests, appropriate diagnostic procedures should be initiated. 


Adverse Reactions: Perforations of uterus and cervix have occurred. Perforation into the 
abdomen has been followed by abdominal adhesions, intestinal penetration, intestinal 
obstruction, local inflammatory reaction with abscess formation and erosion of adjacent 
viscera. Pregnancy has occurred with the Cu-7 or Tatum-T in situ and when either has been 
partially or completely expelled. 

The incidence of spontaneous abortion, when conception occurs with intrauterine devices 
in situ, appears to be increased over that in unprotected women. Insertion cramping, usually 
of no more than afew seconds’ duration, may occur; however, some women may experience 
residual cramping for several hours or even days. Intermenstrual spotting or bleeding or 
prolonged or increased menstrual flow may occur. 

Pelvic infection including i ae with tubal damage or occlusion has been reported. 
This may result in future infertility. Complete or partial expulsion of the Cu-7 or Tatum-T may 
sometimes occur, particularly in those patients with uteri measuring less than 6.5 cm. by 
sounding. Urticarial allergic skin reaction may occur. The following complaints have also 
been reported with IUDs although their relation to the Cu-7 or Tatum-T has not been 
established: amenorrhea or delayed menses, backaches, cervical erosion, cystic masses in 
the pelvis, vaginitis, leg pain or soreness, weight loss or gain, nervousness, dyspareunia, 
cystitis, endometritis, septic abortion, septicemia, leukorrhea, ectopic pregnancy, difficult 
removal, uterine embedment, anemia, pain, neurovascular episodes including bradycardia 
and syncope secondary to insertion, dysmenorrhea, and fragmentation of the IUD. 


Clinical Efficacy: In clinical trials, use effectiveness was determined as follows for parous 
and nulliparous women, as tabulated by the life table method. (Rates are expressed as 
cumulative events per 100 women through 12, 24, and 36 months of use.) 

Cu-7 experience encompasses 387,131 woman-months of use, including 12 months for 
11,517 women, 24 months for 7,895, and 36 months for 3,661. 

Tatum-T experience encompasses 236,060 woman-months of use in the United States 
ee including 12 months for 8,232 women, 24 months for 4,247, and 36 months 
or 1,408. 

Cumulative pregnancy rates were: 








12 Months 24 Months 36 Months” 
Parous Nulliparous Parous Nulli s Parous Nulliparous 
Cu-7 1.9 1.7 2.9 Ari : Son | 3.4 
Tatum-T 3.0 2.1 49 4.5 5.8 
Please see complete product labeling for additiog liñformatiðir; including ‘insertion and 






removal instructions. 


Searle Laboratories 
Division of Searle Pha 
Box 5110, Chicago, llli 


SEARLE 
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For the pain and burning 
of acute cystitis... 


Artist’s interpretation of the pain and burning 
caused by acute inflammation of the urinary 
bladder. 





Fast pain relief plus 
effective antibacterial action 


In nearly 9 out of 10 patients, 
Azo Gantanol reduced the 
pain and/or burning of acute 
cystitis within 24 hours: 


A controlled, multicenter study assessed the efficacy of 
Azo Gantanol in relieving the pain and/or burning 
associated with acute urinary tract infection. Patients 
included in the study had at least 100,000 colonies per 
ml of a sulfonamide-sensitive organism, usually E. coli. 
In 87% of patients (303 of 349) with initial symptoms 
rated “moderate to severe,” therapy with Azo Gantanol 
resulted in improvement within 24 hours.t 


Azo Gantanol combines fast symptomatic relief with 
effective antibacterial action. The analgesic phen- 
azopyridine (“Azo’’) rapidly relieves pain and burning, 
while the antibacterial sulfamethoxazole (“Gantanol’’) 
achieves therapeutic blood and urine levels from 2 to 3 
hours after the initial 2-Gm dose. 


Patients should becautioned to maintain adequate fluid 
intake. Azo Gantanol and Gantanol (sulfamethoxazole/ 
Roche) are contraindicated during pregnancy and the 
nursing period. During therapy, perform frequent CBC’s 
and urinalyses with careful microscopic examination. 


t Data on file, Hoffmann-La Roche Inc., Nutley, New Jersey 07110 


4 tablets initially followed by 2 tablets B.1.D. 


fizo Gantanol 


Each tablet contains 0.5 Gm sulfamethoxazole and 100 mg phenazopyridine HCI. 


for for 
the pain- the pathogens 


*Azo Gantanol recommended for relief of pain, followed by 
Gantanol (sulfamethoxazole /Roche] for remaining course of therapy. 


Please see brief summary of complete product information on following page. 
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ganisms (usually £. coli, Klebsiella-Aero- 
bacter, Staphylococcus aureus, Proteus 
mirabilis, and, less frequently, Proteus vulgaris} 
nthe absence of obstructive uropathy or 

oreign bodies. 

Note: Carefully coordinate in vitro sulfonamide 
sensitivity tests with bacteriologic and clinical 


Ea 





Iture media. The increasing frequency of re- 
sistant organisms limits the usefulness of 

antibacterials including sulfonamides. Mea- | 
_ Sure sulfonamide blood levels as variations may. 
a s 20 mg/100 mi should be maximum total 


-_ GONTRAINDICATIONS: Children below age 12; 
sulfonamide hypersensitivity; pregnancy at term 
_ and during nursing period; because Azo 

_ Gantanol contains phenazopyridine hydro- 
-Chloride it is contraindicated in glomerulone- 
_ phritis, severe hepatitis, uremia, and pyelone- 
_ phritis of pregnancy with G.I. disturbances. 

_ WARNINGS: Safety during pregnancy not es- 

_ tablished. Deaths from hypersensitivity reac- 

. tions, agranulocytosis, aplastic anemia and 

_ Other blood dyscrasias have been reported and 
_ early clinical signs (sore throat, fever, pallor, 

- purpura or jaundice) may indicate serious 

— blood disorders. Frequent CBC and urinalysis 
SS microscopic examination are recom- 


oe with impaired ramal or ‘penal function, severe 
allergy, bronchial asthma; in glucose-6-phos- 
| phate dehydrogenase-deficient individuals in 
- whom dose-related hemolysis may occur. 

_ -Maintain adequate fluid intake to prevent 
_-crystalluria and stone formation. 

- ADVERSE REACTIONS: Bicod dyscrasias 

- (agranulocytosis; aplastic anemia, thrombo- 

<- cytopenia, leukopenia, hemolytic anemia, ~ 
purpura, hypoprothrombinemia and methe- 

< Moglobinemia); allergic reactions (erythema 

_ multiforme, Stevens-Johnson syndrome, skin 
eruptions, epidermal necrolysis, urticaria, 

- serum sickness, pruritus, exfoliative dermatitis, 
- anaphylactoid reactions, periorbital edema, 

_ conjunctival and scleral injection, photosensiti- 
zation, arthralgia and allergic myocarditis); G./. 
reactions (nausea, emesis, abdominal pains, 
hepatitis, diarrhea, anorexia, pancreatitis and 
stomatitis); CNS reactions (headache, periph- 

_ eral neuritis, mental depression, convulsions, 
> ataxia, hallucinations, tinnitus, vertigo and in- 

- somnia); miscellaneous reactions (drug fever, 
chills, toxic nephrosis with oliguria and anuria, 
periarteritis nodosa and L. E. phenomenon). 
Due to certain chemical similarities with some 
itrogens, diuretics (acetazo 
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Gm (2 tabs) B.LD. for up to 3days. If pain 





sought. After relief of pain has been obtained, 
ontinued treatment with Gantanol (sulfa- 
methoxazole/Roche) may be considered. 

OTE: Patients should be-told that the orange- 
red dye (phenazopyridine HC!) will color the 
urine. 

SUPPLIED: Tablets, red, film-coated, each con- 
taining 0.5 Gm sulfamethoxazole and 100 m 

ae i pilates HCI -- bottles of 100 and 


2 Roche Laboratories 
< ROCHE Division of Hoffmann-La Roche Inc. 
® Nutley, New Jersey 07110 





esponse; add aminobenzoic acid to follow-up - 


e, thiazides) 
e fonar mides 5 


DOSAGE: Azo Gantanol is intended forthe <00 
acute, painful phase of urinary tract infections: = 
Usual adult dosage: 2 Gm (4 tabs) initially, then a See 


persists, causes other than infection should. be oe 
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For you . a new TRN that contains 
virtually everything you want 
= to know about _ 


THE SCIENTIFIC JOURNAL: 
IAL POLICIES AND 
PRACTICES 


Guidelines for Editors, Reviewers, 
-and Authors 


In 1665 h first scholarly journal was published in 
France. Since that time, there has been no one 
source of editorial guidelines for journal editors. 
This new book. now provides you with such a 
source. 


YOU DECIDE YOUR OWN APPROACH! 


Presenting the advantages and disadvantages of 
each specific decision, eminent editors offer you 
various recommendations, discussions, and opin- 
ions concerning the problems you may encounter: 





“Because we are aware that there is no ‘right 
policy on most editorial matters, we have tried 
not to prescribe rules, but have, instead, 
explored various facets of the problems that 
confront the editor in his daily work.” 


The book is divided. into two general sections: 
editorial policies, which usually require major 
decisions; and editorial practices, which involve 
minor decisions, often about format or mechanical 
style. You'll find essays.exploring: the manuscript 
reviewing system; special types of manuscripts 
(abstracts, transactions, solicited manuscripts, 
book reviews). You'll value chapters which cover: 
information for authors; copyright, errata; refer- 
ences cited; copy-editing; journal cover; etc. 


From “the purpose of scientific journals” to 

“binding practices,” this new book contains 

virtually everything you want to know as editor, 

reviewer, or author. See for yourself! 

By Lois DeBakey, Ph.D. In collaboration with: Paul F. 

Graneteld, M.D., Ph.D.; Ayodhya P. Gupta, M.D.; Franz 
basa wos M. D.: Robert J. Levine, M.D.; Robert H. 


oger Porter, Ph. D: and F. Peter 
Wencdiord Ph. D. August 1976. 128 pages, = x 9" 


Price, $12.50. 


ie ‘me ee inte co ee UL NE NN, NN ee See MRR ARAN 


Please send me on 30-day approval THE SCIENTIFIC | 
JOURNAL: EDIT ORIAL POLICIES AND PRACTICES. 
Price, $12. 50. 

o Bill me D Master Charge # 


T Payment enclosed 
a Name 
-Address 





State POE» Codi a aaia 
MOSBY 
TIMES MIRROR 


THE C. V. MOSBY COMPANY 
41830 WESTLINE INDUSTRIAL DRIVE 


30-day approval offer good only in 
continental U.S. and Canada. 


AG6O519 ST. LOUIS, MISSOURI! 63141 
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OPERATING LAPAROSCOPE, PARALLEL VIEWING 


Telescope, 10.5mm0.D. 
Trocar and Cannula 11 mm O.D., uninsulated, as shown 
12 mm O.D., insulated (not shown) 

















OPERATING LAPAROSCOPE 
Telescope, 10.5 mm O.D. 7 A 
Trocar and Cannula 11 mm O.D., uninsulated, as shown or 
12mm O.D., insulated (not shown) 
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Karl Storz Endoscopy-America, Ine. 
658 South San Vicente Bivd., Los Angeles, Ca. 90048 . 
FOR TOLL FREE SERVICE = 800-421-0837 | Name 7 Amosso print) 
_ (Except California) In California CALL (213) 651-1068 














Gentlemen: 


C] Please send me further information. [] Please have a 
Kari Storz Representative phone me for an appointment. 


Thank you. 












i l impact of acute surgical stress on anterior pituitary function in female subjects. 


a E. Y. Adashi, R. W. Rebar, Y. Ehara, F. Naftolin, and $. S. C. Yen 
La Jolla, California 


Sonar cephalometry in twin pregnancy: Discordancy of the biparietal diameter | 
after 28 weeks’ gestation 
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Joan S. Reisch, Ph.D., and d Peggy., J. Whalley, GMD D. a e j 
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Prescribe KOROMEX®..for her comfort and confidence. 


Many women today are asking you about 
changing their contraceptive method, and with 
good reason. Contraceptives are supposed to 
promote confidence. You and your patients 
realize that pills and IUD's frequently lead to 


. 


unpleasant side effects. 
But KOROMEX prod- 
ucts offer a gentle, effec- 
tive barrier contraceptive. 
When you prescribe | | 
KOROMEX (coil spring) 7 4 
or the KOROFLEX 
(arcing spring) vaginal 
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diaphragms, and KOROMEX spermicidal creams, 
jellies, or foam, your patient benefits from an 
increasingly accepted method of contraception. 
Unlike other jellies and creams, KOROMEX 
doesn't have a strong perfume or medicinal 
NELE odor. KOROMEX'-A Jelly 
and KOROMEX Foam 
can both be used alone 
for effective protection. 
w Fifty years of experi- 
~ ence stand behind this 
non-hormonal birth con- 
trol method. 


Ka 





While no contraceptive provides 100% protection, Koromex products, when properly 
used, effectively aid in the prevention of pregnancy. 


nla Holland-Rantos Co., Inc. PO. Box 385, Piscataway, N.J. 08854 


A division ot Youngs Drug Products Corporation 
7. 
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-established 1976. 


with 3 or 
4 BC/BE OBG's 
New comprehensive facilities 
Well-staffed for clinical 
support, including Nurse 
Practitioners and hospital 
residents. Attractive salary 
structure and liberal fringes 
Starting salary based 
on experience 
Recruitment and relocation 
expenses covered 
Unusually livable city 
Send CV or call 
Michael R. Soper, M.D 
Medical Director 
6801 E. 117th Street 
Kansas City, Missouri 64134 
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567-bed teaching hospital affiliated 
with State University of NY, Downstate 
Medical Center, with an accredited 
residency training program, is seeking a 
full time (geographic) Assistant Director. 


Candidate must be board certified with 
% proven ability as an administrator, 
& teacher and clinician as well as eligible 
& for subspecialty certification. Position 
@ includes faculty appointment, private 
& practice office, secretarial services and 
g malpractice coverage. 
J ‘Please submit CV and all correspon- 
a p dence to: 
- George Solish, MD Director-OB/GYN 

THE LONG ISLAND 


| JL. COLLEGE HOSPITAL 
“LY, 340 Henry St. Bklyn, N.Y. 11201 
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PERSONALIZED 
LIBRARY CASES 


Keep your personal copies of AMERICAN 
JOURNAL OF OBSTETRICS AND 
GYNECOLOGY in these specially designed 
library file cases. Designed to keep your 
journal copies near at hand in your office, 
library, or home. 

Your case is heavy bookbinder’s board in 
a rich red Kivar cover. Files are scuff- 
resistant and washable. 

Lettering is stamped in gold leaf and the 
cases make a fit companion for the most 
costly binding. 

Files are reasonably priced—only $5.95 
each, postpaid (3 for $17., 6 for $30.). 

Add $2.50 postage per case for orders 
outside U. S. Prepayment must be in U. 
S, funds only. Satisfaction unconditionally 
guaranteed or your money back! Use the 
coupon for prompt shipment. 
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Jesse Jones Box Corporation (est. 1843) 

P. O. Box 5120 

Philadelphia, Pa. 19141 

Please send me, postpaid — library cases for 
AMERICAN JOURNAL OF OBSTETRICS AND 
GYNECOLOGY at $5.95 each (3/$17., 6/$30.) 


Cl] NEW SIZE (8%4" x 11”) 3 cases/year 

[ OLD SIZE (7¥4" x 1042") copies prior to 1975 
(2 cases/year) 

Name _ 
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Subdermal estradiol pellets following hysterectomy and oophorectomy 
SA A. Lobo, M D., Charles M. March, M.D., Uwe Goebelsmann, M.D., 
‘Ronald M. Krauss, M.D., and Daniel R. Mishell, Jr., M.D. 

Los Angeles, California 


Adult manifestation of congenital adrenal hyperplasia due to incomplete 7 720 
21-hydroxylase deficiency mimicking polycystic ovarian disease- p 
_ Rogerio A. Lobo, M D., and Uwe Goebelsmann, M.D. 


Los Angeles, California 
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HER OC ISNT 
FOR BETTER 
OK WORSE. 


If it's NORLESTRIN® 1/50 (1 mg norethindrone 
acetate and 50 mcg ethinyl estradiol tablets, USP), 
it's exactly what she expects. ..and it’s exactly what 
you've come to expect in terms of efficacy and 
patient acceptance. Ever since NORLESTRIN 1/50 was 
first introduced over a decade ago, it has performed 
as promised, consistently providing what patients 
and their physicians want from an OC: virtually com- 
plete control of conception plus relative freedom 
from annoying side effects like breakthrough 
bleeding. 

With its combination of ethinyl estradiol and 
norethindrone acetate, NORLESTRIN 1/50 gives 
patients the comfort and confidence they look for in 
an OC. Cycle after cycle, NORLESTRIN 1/50 gives your 
patient no more estrogen than she needs. 


(1 mg norethindrone acetate and f 
50 mcg ethinyl estradiol tablets, USP) 


YOU COULDNT DO'BEPTER. 


Please see following page for brief summary of prescribing information 


© 1980 Warner-Lambert Company 




















-NORLESTRIN® 1/50 ss er oa aS l 
==: {norethindrone acetate and ethiny! estradiol tablets. USP} See section under Special Notes 
von Administration and HOW SUPPLIED. 


as Each yellow tablet contains: norethindrone acetate {17 alcha-ethinyl-19-nortestosterone 
“ acetate}, 1 mg, ethinyl estradiol (17 alpha-ethinyi-1.3,5(10)-estratriene-3, 17 beta-diol), 50 
s Meg. 


 Norlestrin 1/50 Products are progestogen-estrogen comb:nations. 

__ INDICATIONS AND USAGE 
=o Norestrin 1/50 Products are indicated for the prevention of pregnancy in women who elect 
=. touse oral contraceptives as a method of contraception. 

= in clinical tials with Noriestrin 1/50 involving 25,983 therapy cycles, there was a preg- 
conancy rate of 0.05 per 100 women years. 
\..Dose-related risk of thromboembolism from oral contraceptives: Studies have shown a 
= positive association between the dose of estrogens in oral contraceptives and the risk of 
“thromboembolism. itis prudent and in keeping with good principles of therapeutics to 
c Minimize exposure to estrogen. The oral contraceptive prescribed for any given patient 
qe Should be that product which contains the least amount of estrogen that is compatible with 
< afacceptable pregnancy rate and patient acceptance. 
7o CONTRAINDICATIONS 
“ 4-Frrombophiabitis or thromboembolic disorders 

2. A past history of deep-vein thrombophlebitis or thromboembolic disorders 

3. Cerebral vascular or coronary artery disease 

4. Known or suspected carcinoma of the breast 
. §. Known or suspected estrogen-depencdent neoplasia 
6. Undiagnosed abnormal genital bleeding 

_ 7. Known or suspected pregnancy (See WARNING No. 5 } 
WARNINGS 














- Cigarette smoking increases the risk of serious cardiovascular side effects 
from oral contraceptive use. This risk increases with and with heavy smok- 
ing (15 or more c per day) and is quite marked in women over 35 years 
of age. Women who use oral contraceptives should be strongly advised not to 
smoke. 
The use of oral contraceptives is associated with increased risk of several serious 
conditions including thromboembolism, stroke, myocardial infarction, hepatic 
cf adenoma, gallbladder disease, and hypertension. Practitioners prescribing oral 
contraceptives should be familiar with the following information relating to these 
tisks. 


1. Thromboembolic Disorders and Other Vascular Problems. An increased risk of throm- 
z boembolic and thrombotic disease associated with the use of oral contraceptives is well- 
© @stablished. Studies have demonstrated an increased risk of fatal and nonfatal venous 
thromboembolism and stroke, both hemorrhagic and thrombotic. 
oe ascular disorders: in a collaborat:ve study in women with and without predispos- 
<: Ing causes, it was estimated that the risk of hemorrhagic strake was 2.0 times greater in 

“users than nonusers, and the risk of thrombotic stroke was 4.0 to 9.5 times greater 

Be infarction: An increased risk of myocardial infarction associated with oral 

contraceptives has been reported confirming a previously suspected association. These 
studies found that the greater the number of underlying risk factors (cigarette smoking, 
hypertension. hypercholesterolemia, obesity, diabetes. history of preeciamnptic toxemia) for 

- Coronary artery disease, the higher the risk of developing myocardial infarction, regardiess 

“of whether the patient was an oral contraceptive user or not. Oral contraceptives, however, 
were found to be a clear additional risk factor. 

_ lt has been estimated that users who do not smoke (smoking is considered a major 
predisposing condition to myocardial infarction) are about twice as likely to have a fatal 
myocardial infarction as nonusers who do not smoke. Oral contraceptive users who are 
smokers have about a fivefold increased risk of fatal infarction compared to users who do 

i notsmoke, but about a tenfold to tweivefoid increased risk compared to nonusers who do 

:. pot smoke. The amount of smoking is also an important factor. 
< Risk of dose: in an analysis of data, British investigators conluded that the risk of thrombo- 
= c@mbolism including coronary thrombosis is directly related to the dose of estrogen used in 

“oral contraceptives, however, the quantity of estrogen may not be the sole factor involved, 
Estimate of excess mortality from circulatory diseases: The risk of diseases of the circu- 
latory system is concentrated in pider women, in those with a long duration of use, and in 

< Cigarette smokers. 

A study of available data from a variety of sources Concluded that the mortality associated 
with ali methods of birth control is low and below that associated with childbirth, with the 
exception of oral contraceptives in women over 40 who smoke. 

The risk of thromboembolic and thrambotic diseases associated with oral contraceptives 

i increases with age after approximately age 30. and, for myocardial infarction, is further 
< increased by hypertension, hyperchoiesteroiemia, obesity, diabetes. or history of 
preeclamptic toxemia, and especially by cigarette smoking 

. The physician and the patient should be alert to the earliest manifestations of thromboem- 
și bolic and thrombotic disorders. Should any occur or be suspected, the drug should be 
& discontinued immediately, 
os A fourfold to sixfold increased risk of postsurgery thromboembolic complications has 

ui been reported in users. If feasible, oral contraceptives should be discontinued at least four 
weeks before surgery of a type associated with an increased risk of thromboembolism or 
prolonged immobilization. 
2. Ocular lesions; Neuro-ocular lesions, such as optic neuntis or retinal thrombosis, have 
: been associated with the use of oral contraceptives. Discontinue the oral contraceptive if 
2. there is unexplained sudden or gradual, partial. or complete loss of vision; onset of proptosis 
“ gr diplopia; papilledema: or retinal vascular lesions. 
> 3 Carcinoma: Long-term continuous administration of estrogen in certain animal species 
. increases the frequency of carcinoma of the breast. cervix, vagina, and liver. 
Inhumans, an increased risk of endometrial carcinoma associated with the prolonged 
use of exogenous estrogen in postmenopausal women has been reported. However, there 
sro evidence suggesting increased risk of endometrial cancer in users of conventional 
ombination or progestogen-only oral contraceptives. 
< Studies found no evidence of increase in breast cancer in women taking ora! contracep- 
= tives: however, an excess risk in users with documented benigr breast disease was 
+ reported. 

=o There is no contirmed evidence of an increased risk of cancer associated with oral 
< contraceptives. Close clinical surveillance of users is, nevertheless, essential. In cases of 
3. undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic 
“measures should be taken to rule out malignancy. Women with a strong family history of 
< breast cancer, or who have breast nodules, fibrocystic disease. or abnormal mammograms, 
“should be monitored with particular care. l 
10 4. Hepatic Tumors: Benign hepatic adenomas have been found to be associated with oral 
contraceptives. Because hepatic adenomas may rupture and may cause death through 
intra-abdominal hemorrhage, they should be considered in women presenting abdominal 
$i gain and tenderness, abdominal mass. or shock. 

“A few cases of hepatocellular carcinoma have been reported in women taking oral contra- 

ceptives. The relationship of these drugs to this type of malignancy is not known at this time. 
5. Usage in or immediately Preceding Pregnancy, Birth Defects in Offspring, and Malig- 
£ nancy in Female Offspring: During early pregnancy. female sex hormones may seriously 
z damage the offspring. l 
1000 An increased risk of congenital anomalies, including heart defects and limb defects, has 

- been reported with the use of oral contraceptives in pregnancy. 

. There is some evidence that tripicidy and possibly other types of polyploidy are increased 
among abortuses from women who become pregnant soon after ceasing oral contracep- 
tives. 
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Pregnancy should be ruled out before continuing an oral contraceptive in any patient who 
has missed two consecutive menstrual periods. If the patient has not adhered to the 
schedule, the possibility of pregnancy should be considered at the time of the first missed 
period, and oral contraceptives should be withheld until pregnancy has been ruled out. If 
pregnancy is confirmed, the patient should be apprised of the potential risks to the fetus and 
the advisability of continuation of the pregnancy should be discussed. 

Wamen who discontinue oral contraceptives with the intent of becoming pregnant should 
use an alternate form of contraception for a period of time before attempting to conceive. a 

Administration of progestogen-only or progestogen-estrogen combinations to induce 
withdrawal bleeding shouid not be used as a test of pregnancy. 

6. Gallbladder Disease: Studies report an increased risk of surgically conlirmed galiblad- 
der disease in users of oral contraceptives. 

7. Carbohydrate and Lipid Metabolic Effects: Because decreased glucose tolerance has 
been observed in a significant percentage of patients, prediabetic and diabetic patients 
should be carefully observed while receiving oral contraceptives. 

An increase in triglycerides and total phospholipids has been observed. 

8. Elevated Blood Pressure: An increase in blood pressure has been reported in patents 
receiving oral contraceptives. The prevalence in users increases with longer exposure. Age 
is also strongly correlated with development of hypertension. Women who previously have 
had hypertension during pregnancy may be more likely to develop eievation of blood 
pressure. 

9. Headache: Onset or exacerbation of migraine or development of headache of a new 
pattern which is recurrent, persistent, or severe, requires discontinuation af oral contracep- 
tyes. 

10. Bleeding Irregularities: Breakthrough bleeding. spotting, and amenorrhea are frequent 
reasons for patients discontinuing oral contraceptives. in breakthrough bleeding, nonfunc- 
tional causes shouid be borne in mind. In undiagnosed abnormal bleeding from the vagina. 
adequate diagnostic measures are indicated to rule out pregnancy or malignancy. 

Women with a past history of oligomenorrhea or secondary amenorrhea. or young women 
without regular cycies should be advised that they may have a tendency to remain anovula- 
tory or to become amenorrheic after discontinuation of oral contraceptives. 

11. Ectopic Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contra- 
ceptive failures. 

12. Breast Feeding: Oral contraceptives may interfere with lactation. Furthermore, a small 
fraction of the hormonal! agents in oral contraceptives has been identified in the milk of 
mathers receiving these drugs. 

PRECAUTIONS 

t. A complete medical and family history should be taken prior to the initiation of oral 
contraceptives. The pretreatment and periodic physical examinations shouid include spe- 
cial reference to blood pressure, breasts, abdomen, and pelvic organs, including 
Papanicolaou smear and relevant laboratory tests. As a general rule, oral contraceptives 
should not be prescribed for longer than one year without another examination. 

2. Preexisting uterine leiomyomata may increase in size. 

3. Patients with a history of psychic depression should be carefully observed and the drug 
discontinued if depression recurs to a serious degree. 

4. Oral contraceptives may cause fluid retention and should be prescribed with caution, 
and only with careful monitoring, in patents with conditions which might be aggravated, 

5. Patients with a past history of jaundice during pregnancy have an increased risk of 
recurrence of jaundice. If jaundice develops, the medication shouid be discontinued. 

6. Steroid hormones may be poorly metabolized and shouid be administered with caution 
in patients with impaired liver function. 

7. Users may have disturbances in normal tryptophan metabolism. which may result ma 
relative pyridoxine deficiency. 

8 Serum folate levels may be depressed 

9 The pathologist should be advised of oral contraceptive therapy when relevant speci- 
mens are submited. 

10. Certain endocrine and liver function tests and blood components may be affected. 

{a} increased sulfobromopnthalein retention, tb) Increased prothrombin and factors VIE 
Vill, IX, and X, decreased antithrombin 3; increased norepinephrine-induced platelet 
aggregability. (c) Increased thyroid-binding globulin {TBG} ete to increased circulating 
total thyroid hormone. (d) Decreased pregnanediol excretion. (e} Reduced response to 
metyrapone test. 

Drug interactions: Reduced efficacy and increased incidence of breakthrough bleeding 
have been associated with concomitant use of nfampin and an association has been 
suggested with barbiturates, phenyloutazone, phenytoin sodium, and ampicillin. 
ADVERSE REACTIONS 

An increased risk of the following serious adverse reactions has been associated with oral 
contraceptives: thrombophlebitis: pulmonary embolism; coronary thrombosis: cerebral 
thrombosis: cerebral hemorrhage: hypertension, gallbladder disease: benign hepatomas. 
congenital anomalies. 

There is evidence of an association between the following conditions and the use of oral 
contraceptives, although additional confirmatory studies are needed: mesentaric throm- 
bosis, neuro-ocuilar lesions, eg, retinal thrombosis and optic neuritis. 

The fotlowing adverse reactions have been reported in patients receiving oral contracep- 
tives and are believed to be drug related: nausea and/or vomiting. usually the most com- 
mon adverse reactions, occur in approximately 10% or less of patients during the first cycle. 
Other reactions, as a general rule, are seen much less frequently or only occasionally: 
gastrointestinal symptoms: breakthrough bleeding: spotting, change in menstrua flow, 
dysmenorrhea: amenorrhea during and after treatment. temporary infertility after discontinu- 
ance of treatment, edema, chioasma or melasma, breast changes; change in weight. 
change in cervical erosion and cervical secretion, possibile diminution in lactation when 
given immediately post partum: cholestatic jaundice: migraine: increase in size of uterine 
leiomyornata: rash (allergic): mental Gepression; reduced tolerance to carbohydrates: vagi 
nal candidiasis; change in corneal curvature; intolerance to contact lenses. 

The following adverse reactions have been reported and the association has been neither 
confirmed nor refuted: premenstrual-l'ke syndrome; cataracts: changes in higo. chorea: 
changes in appetite: cystitis-like syndrome; headache; nervousness; dizziness: hirsutism, 
lass of scalp hair; erythema multiforme; erythema nodosum. hemorrhagic eruption, vaginitis: 
porphyria. 

Special Notes on Administration 

Noriestrin [Fe] 1/50 (norethindrone acetate and ethinyl estradiol tablets, USP) and Norlestrin 
fe] 1/50-- Menstruation usually begins two or three days, but may begin as late as the fourth 
or fifth day, after the brown ferrous fumarate or white inert tablets have been started. 

Noriestrin[21]1/50-- Menstruation usually begins two or three days, but may begin as late 
as the fourth or fifth day, after discontinuing medication. 

After several months on treatment, bleeding may be reduced to a point of virtual absence, 
reduced flow may be a result of medication and not indicative of pregnancy. 

HOW SUPPLIED 

Norlestrin [Fel 1/50 is available in minicompacts each containing 21 yellow tablets and 7 
brown tablets. Each yellow tablet contains 1 mg of norethindrone acetate and 50 meg of 
ethinyl estradiol. Each brown tablet contains 75 mg of ferrous fumarate. Available in 
packages of five minicompacts and packages of five refills. 

Norlastrin [28] 1/50 is available in minicompacts each containing 21 yellow tablets and 7 
white inert tablets. Each yellow tablet contains t mg of norethindrone acetate and 50 mcg of 
ethiny! estradiol. Available in packages of five minicompacts and in packages of five refills. 

Norlestrin{27] 1/50 is available in minicompacts each containing 21 yellow tabiets. Each 
yellow tablet contains 1 mg of norethindrone acetate and 50 mcg of ethiny! estradiol. Avail- 
able in packages of five mirncompacts and packages of five refills. YB 


PARKE-DAVIS 


Div of Warner-Lambert Co 


PD-JA-02 70-1-P (3-80) Morris Plains, NJ 07950 USA 








American Journal of Obstetrics and Gy necology 



















Editors 


JOHN I. BREWER, Editor in Chief 
FREDERICK P. ZUSPAN, E. J. QUILLIGAN, Editors 
ALBERT B. GERBIE, Associate Editor 


HOWARD C. TAYLOR, Jr., ALLAN C. BARNES, Emeritus Editors. - 


Advisory committee on policy | cs 7 


©. D. Christian Edgar L. Makowski. et 

Leo J. Dunn George D; Malkasian 
David Figge Roy T, Parker : . 
Fred T. Given W. Ann Reynolds : 

A. Brian Little J.C. G, Whetham 


Board of corresponding editors 


Oscar Aguero, Caracas 

` Frederick Kubli, Heidelberg 
-Pierre O. Hubinont, Brussels 
i Malcolm Symonds, N oltingham 


Ichiro Taki, Fukuoka 


pr a 


7 
aoe 


a 
ae ee 


k 
KS 





Tn acute UTI 


‘When your first choice 
is Macrodantin’ 

youll rarely need 

a second one 


Macrodantin is potent against both major uropathogens in office 
practice—E. coli, the most common, and enterococcus —unlike other 
widely prescribed antimicrobials used individually or in combination. 


Superior in vitro* against the two most common uropathogens' 


E. coli Enterococcus 


MACRODANTIN / MACRODANTIN 


TMP/SMX Sp TMP/SMX 51% 





Sulfonamide 





Ed Sulfonamide 6% 


*In vitro data do not necessarily predict clinical efficacy. 


1. PMR Bacteriologic Report, Summer Series 1979; 
a national bacteriologic monitoring service for 200 acute-care hospitals of 100 beds or more. 


Macrodantin remains consistently effective year after year — 
resistance is negligible 

m Does not foster resistant bowel flora which may recycle infection. 

m Does not change normal vaginal flora. . . little risk of Candida overgrowth. 
m Concentrates its action in the urinary tract. 

Lets you reserve systemic agents for systemic infection. 


...too valuable to keep in reserve 


Miacrodantin::: 
25,50, 100mg 


(nitrofurantoin macrocrystals) 


Norwich- Eaton Norwich, New York 13815 


PHARMACEUTICALS Division of MortonNorwich Products, Inc. See next page for a brief summary of prescribing information including susceptible organisms. 












‘(nitrofurantoin macrocrystals) 
: Capsules: 25,50, 100mg 


«INDICATIONS: Macrodantin is indicated for the treatment of urinary tract infections when due to 
“© susceptible strains of fschenciva cok enterococci, Staphylococcus aureus (it is not indicated for 
-the treatment of associated renal cortical or perinephric abscesses}, and certain susceptible 
(Strains of Kebsela species, Enterobacter species, and Proteus species. 


= NOTE: Specimens for culture and susceptibility testing should be obtained prior to and during 
«y drug administration. 
© CONTRAINDICATIONS: Anuria, oliguria, or significant impairment of renal function (creatinine 
Clearance under 40 mi per minute) are contraindications to therapy with this drug. Treatment of 
: uthis type of patient carries an increased risk of toxicity because of impaired excretion of the 
“drug. For the same reason, this drug is much less effective under these circumstances. 

_ The drug is contraindicated in pregnant patients at term as well as in infants under one 
+ month of age because of the possibility of hemolytic anemia due to immature enzyme systems 

{glutathione instability). 

The drug is also contraindicated in those patients with known hypersensitivity to Macro- 

~dantin, Furadantin® (nitrofurantoin), and other nitrofurantoin preparations. 


< WARNINGS: Acute, subacute and chronic pulmonary reactions have been observed in patients 
treated with nitrofurantoin products. if these reactions occur, the drug should be withdrawn and 
appropriate measures should be taken. 

An insidious onset of pulmonary reactions (diffuse interstitial pneumonitis or pulmonary 

fibrosis, or both} in patients on fong-term therapy warrants close monitoring of these patients. 
- There have been isolated reports giving pulmonary reactions as a contributing cause of 
: death. (See Hypersensitivity reactions.) 
-o Cases of hemolytic anemia of the primaquine sensitivity type have been induced by Macro- 
£o dantin. The hemolysis appears to be linked to a glucose-6-phosphate dehydrogenase deficiency 
ip the red blood cells of the affected patients, This deficiency is found in 10 percent of Negroes 
and a small percentage of ethnic groups of Mediterranean and Near-Eastern origin. Any sign of 
hemolysis is an indication to discontinue the drug. Hemolysis ceases when the drug is with- 
J drawn. 

Pseudomonas is the organism most commonly implicated in superinfections in patients 
treated with Macrodantin. 
> Hepatitis, including chronic active hepatitis, has been observed rarely, Fatalities have been 
> reported. The mechanism appears to be of an idiosyncratic hypersensitive type. 


> PRECAUTIONS: Peripheral. neuropathy may occur with Macrodantin therapy; this may become 
o $evere or irreversible. Fatalities have been reported. Predisposing conditions such as renal 
_ cimpairment (creatinine clearance under 40 mi per minute), anemia, diabetes, electrolyte imbal- 
co@nee, vitamin B deficiency, and debilitating disease may enhance such occurrence. 


: Usage in Pregnancy: The safety of Macrodantin during pregnancy and lactation has not been 
 eStablished, Use of this drug in women of childbearing potential requires that the anticipated 
benefit be weighed against the possible risks. 


“ADVERSE REACTIONS: Gastrointestinal reactions: Anorexia, nausea and emesis are the most fre- 

quent reactions, abdominal pain and diarrhea occur less frequently. These dose-related toxicity 
- reactions can be minimized by reduction of dosage, especially in the female patient. Hepatitis 
-ocours rarely. 


~ Hypersensitivity reactions: Pulmonary. sensitivity reactions may occur, which can be acute, 
- Subacute, or chronic. 
.. Acute reactions are commonly manifested by fever, chilis, cough, chest pain, dyspnea, pul- 
monary infiltration with consolidation or pleural effusion on x-ray, and eosinophilia. The acute 
feactions usually occur within the first week of treatment and are reversible with cessation of 
therapy. Resolution may be dramatic. 
; in subacute reactions, fever and eosinophilia are observed less often. Recovery is somewhat 
Slower, perhaps as long as several months. ff the symptoms are not recognized as being drug 
< related ard nitrofurantoin is not withdrawn, symptoms may become more severe. 
-. Chronic pulmonary reactions are more likely to occur in patients who have been on continu- 
"ous nitrofurantoin therapy for six months or longer. The insidious onset of malaise, dyspnea on 
: exertion, cough, and altered pulmonary function are common manifestations. Roentgenographic 
nd histologic findings of diffuse interstitial pneumonitis or fibrosis, or both, are also common 
‘Manitestations. Fever is rarely prominent. 
-The severity of these chronic pulmonary reactions and the degree of their resolution appear 
-to-be related to the duration of therapy after the first clinical signs appear. Pulmonary function 
‘amay be permanently impaired even after cessation of nitrofurantoin therapy. This risk is greater 
“when pulmonary reactions are not recognized early. 
“Dermatologic reactions: Maculopapular, erythematous, or eczematous eruption, pruritus, urti- 
“Carta, and angioedema. 
“Other hypersensitivity reactions: Anaphylaxis, asthmatic attack in patients with history of 
“vvasthma, cholestatic jaundice, hepatitis, including chronic active hepatitis, drug fever, and 
< arthralgia. 
Hematologic reactions: Hemolytic anemia, granulocytopenia, ieukopenia, eosinophilia, and 
. oMegaloblastic anemia, Return of the blood picture te normal has followed cessation of therapy. 
A ‘Neurological reactions: Peripheral neuropathy, headache, dizziness, nystagmus, and drowsiness, 
<. Miscellaneous reactions: Transient alopecia. As with other antimicrobial agents, superinfections 
-hy resistant organisms may occur. With Macrodantin, however, these are limited te the geni- 
'. tourinary tract because suppression of normal bacterial flora elsewhere in the body does not 
o. GOCER. 
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effective relief 
of mild to moderate 
menstrual pain... 


Motrin® Tablets (ibuprofen, Upjohn) 
indications and Usage: Relief of mild to moderate pain. 


Treatment of signs and symptoms of rheumatoid arthritis and osteoarthritis during 
acute flares and in long-term management. Safety and efficacy have not been estab- 
lished in Functional Class IV rheumatoid arthritis. 


Contraindications: individuals hypersensitive to it. or with the syndrome of nasal 
polyps, angioedema, and bronchospastic reactivity to aspirin or other nonsteroidal 
anti-inflammatory agents (see WARNINGS). 

Warnings: Anaphylacioid reactions have occurred in patients with aspirin hypersen- 
sitivity (see CONTRAINDICATIONS). 

Peptic ulceration and gastrointestinal bleeding, sometimes severe, have been 
reported. Ulceration, perforation, and bleeding may end fatally. An association has not 
been established. Motrin should be given under close supervision to patients with a 
history of upper gastrointestinal tract disease, only after consulting ADVERSE 
REACTIONS. 

in patients with active peptic ulcer and active rheumatoid arthritis, nonulcerogenic 
drugs, such as gold, should be tried. if Motrin must be given, the patient should be under 
close supervision for signs of ulcer perforation or gastrointestinal bleeding. 


Precautions: Blurred and/or diminished vision, scotomata, and/or changes in color 
vision have been reported. if these develop, discontinue Motrin and the patient should 
have an ophthalmologic examination, including central visual fields. 

Fluid retention and edema have been associated with Motrin; use with caution in 
patients with a history of cardiac decompensation. 

Motrin can inhibit platelet aggregation and prolong bleeding time. Use with caution in 
persons with intrinsic coagulation defects and those on anticoagulant therapy. 

Patients should report signs or symptoms of gastrointestinal ulceration or bleeding, 
blurred vision or other eye symptoms, skin rash, weight gain, or edema. 

To avoid exacerbation of disease or adrenal insufficiency, patients on prolonged 
corticosteroid therapy should have therapy tapered slowly when Motrin is added. 
Drug interactions. Aspa: Used concomitantly may decrease Motrin blood levels. 
Coumarin: Bleeding has been reported in patients taking Motrin and coumarin. 
Pregnancy and pursing mothers: Motrin should not be taken during pregnancy nor by 
nursing mothers. 


Adverse Reactions 

Incidence greater than 1% 

Gastrointestinal: The most frequent type of adverse reaction occurring with Motrin is 
gastrointestinal (4% to 16%). This includes nausea” epigastric pain” heartburn? 
diarrhea, abdominal distress, nausea and vomiting, indigestion, constipation, abdominal 
cramps or pain, fullness of the Gl tract ate and flatulence). Central Nervous System: 
Dizziness” headache, nervousness. Dermatologic: Rash” {including maculopapular 
type), pruritus. Special Senses: Tinnitus. Metabolic: Decreased appetite, edema, fluid 
retention. Fluid retention generally responds promptly to drug discontinuation (see 
PRECAUTIONS). 

“Incidence 3% to 9%. 

Incidence less than 1 in 100 

Gastrointestinal: Upper GI ulcer with bleeding and/or perforation, hemorrhage, melena. 
Central Nervous System: Depression, insomnia. Dermatologic: Vesiculobullous erup- 
tions, urticaria, erythema multiforme. Cardiovascular: Congestive heart failure in 
patients with marginal cardiac function, elevated blood pressure. Special Senses: 
Amblyopia (see PRECAUTIONS). Hematologic: Leukopenia, decreased hemoglobin and 
hematocrit. 

Causal relationship unknown 

Gastrointestinal: Hepatitis, jaundice, abnormal liver function. Central Nervous 
Paresthesias, hallucinations, dream abnormalities. Dermatologic: Alopecia, Stevens. 
Johnson syndrome. Special Senses: Conjunctivitis, diplopia, optic neuritis. Hematologic: 
Hemolytic anemia, thrembocytopenia, granulocytopenia, bleeding episodes. Allergic: 
Fever, serum sickness. lupus erythematosus syndrome. Endocrine: Gynecomastia, 
hypoglycemia. Cardiovascular: Arrhythmias. Renal: Decreased creatinine clearance, 
polyuria, azotemia. 

Overdosage: in cases of acute overdosage, the stomach should be emptied. The drug 
is acidic and excreted in the urine, so alkaline diuresis may be beneficial. 

Dosage and Administration: Mild to moderate pain: 400 mg every 4 to 6 hours as 
necessary for relief of pain. 

Rheumatoid arthritis and osteoarthritis, including flares of chronic disease: Suggested 
dosage is 300, 400, or 500 mg ti.d. or qid. 

Do not exceed 2400 mg per day. 

Caution: Federal law prohibits dispensing without prescription. 


For additional product information, see your Upjohn representative or consult the 
package insert. 


H THE UFJOHN COMPANY 
Upjohn Kalamazoo, Michigan 49001 USA MED B-4-5 
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BRDICATION: CONTRACEPTION. The pregnancy rate in women using conventional combination oral contraceptives (contaimng 
35 meg or more of ethinyl estradiol or 50 meg or more o! mestrancl) is generally reported as less than one pregnancy per 
WO woman-years of use. Slightly higher rates (somewhat more than one pregnancy per 100 woman-years of use} are 
reported for some combination products contamung 35 meg or jess of ethinyl estradiol. and rates on the order of three 
pregnancies per %X) woman-years are reported for the progestagen-only oral contraceptives. Table 1 gives ranges ot 
pregnancy cates reported m the literature for other means of contraception. The efficacy of these means of contraception 
{except the IUD; depends upon the degree of adherence to the method. 
Tabie 1: Pregnaacias Per 100 Wemen-Years. IUD, iess than 1-6. Diaphragm with spermicidal product (creams ot Jelkes), 2-20. 
Condom, 3-36, Aerosol foams, 2-29: Jelkes and creams, 4-36, Periodic abstinence (rhythm) afl types. less than t47, 1 
Calendar method, 14-47. 2 Temperature method, 1-20. 3. Temperature method—intercourse only in postovulatory phase, 
jess than 3-7. 4 Mucus method. 1-25, No contraception, 63-80. BOSE-RELATED RISK OF THROMBOEMBOLISM FROM ORAL 
S: Two studies have shown a positive association between the Jose of estrogens in oral contraceptives and 
the risk of thromboembolism. For this reason. atis prudent and in keeping with good principles of therapeutics to minunize 
exposure lo estrogen. The oral contraceptive product prescribed for any given patient should be that product whch 
Contains the jeast amount of estrogen that is compatible with an acceptable pregnancy rate and patient acceptance. It 1s 
recommended that new acceptors of oral contraceptives be started an preparations containing 05 my or jess of estrogen 
CONTRARINCATIONS: Grai contraceptives should not be used m women with any of the fcileweng conditions | Throm- 
bophiebitis of thromboembolic disorders 2. A past history of deep vein thrombophiebitis of thromboembolic disorders. 3. 
Cerebral vascular or coronary artery disease 4. Known of Suspected carcmoma of the breast 5 Known or suspected 
estrogen -dependent neoplasia 6. Undiagnosed. abnormal genital bleeding 7. Known or suspected pregnancy (see WARN- 
INGS. No. Si. 8. Benign or malignant fiver tumor which developed during the use of oral contraceptives cr other estrogen- 
containing products. 


WARNINGS 











Cigarette smoking increases the risk of serious cardiovascular side effects from oral contraceptive use. This risk 
increases with age and with heavy smoking (15 or mere cigarettes per day} and is quite marked in women over 35 years ct 
age. Women whe use aral contraceptives shealg be strongly sfvised act to smokk. 

The use of oral contraceptives is essectated with increszed risk of severe! serious conditions inctuding thramboembolism. 
siroke. myocardial infarction, hepatic sdenoma, gullbiadier disease, hypertension. Practitioners prescribing ora! contrs- 
Coptives should be familiar with the tellowing information retsting fo these risks. 


1, THROMBGEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS. An increased risk of thromboembolic and throm- 
botie disease associated with the use of oral contraceptives is well established, Four pmcipal studies in Great Britain and 
three in the United States have demonstrated an increased risk of fatal and nonfatal venous thromboembolism and stroke, 
both hemorrhagic and thrombotic. These studies estimate that users of oral contraceptives are 4 to 11 times more likely 
than nonusers to develop these diseases without evident cause. Overal excess mortality due to pulmonary embolism or 
Stroke is on the order of 1.0 to 3.5 deaths annually per 100.000 users and increases with age. CEREBROVASCULAR DIS- 
ORDERS: in 2 collaborative American study of cerebrovascular disorders m women with and without predisposing causes. 
it was estimated that the risk of hemorrhagic Stroke was 2.0 times greater in users than in nonusers and the risk of 
thrombotic stroke was 4.0 to 9.5 times greater in users than in nonusers. 

MYOCARDIAL INFARCTION: An increased risk of myocardial infarction associa’ec with the use of oral contraceptives has 
been reported confirming a previously suspected association. These studies. conducted in the United Kingdom, found, as 
expected, that the greater the number of underlying risk factors for coronary artery disease (cigarette smoking, hyper- 
tension, hypercholesteroiema, obesity. diabetes, history of preeclamptic toxerval. the higher the nsk of developing myo- 
catha infarchon, regardless of whether the patient was an oral contraceptie user or not. Oral contraceptives, however, 
were found to be a clear additional risk factor. The annual excess case rate (increased risk} of myocardial intarction tatal 
and nonfatal) in oral contraceptive users was estimated to be approxunately 7 cases per 100.000 women users in the 
30-39 age group and 67 cases per 190.000 women users in the 40-44 age group in terms of relative nek, if has geen 
estimated that ora) Contraceptive users who do not smoke (smoking is Considered a major predisposing condition to 
myocardial infarction) are about twice as likely to have a fatal myocardial infarction as nonusers whe do not smoke Ora! 
Contraceptive users who are also smokers have about a 5-fold increased risk of fatal infarction compared to users who dù 
Not smoke, but about a W-to 12-fold creased risk compared to nonusers who do nol smoke. Furthermore, the amount of 
Smoking 1S also an important factor. in determining the umportance of these relative nsks, however. the baseline rates for 
vargus age groups must be given serious consideration. The importance of other predisposing conditions mentioned 
above in determining relative and absokite risks has not as yet been quantitied: 11 15 quite tikety that the same synergistic 
action exists, but perhaps to a lesser extent. Risk ef Dega: in an analysis of data derived trom several national adverse 
reaction reporting systems, British investigators concluded that the risk of thromboembolism including coronary throm- 
bosis is directly related to the dose of estrogen used in oral contraceptives. Preparations contaming 100 meg ar more of 
estrogen were associated with a higher risk of thromboembolism than those containing 50-80 meg of estrogen Their 
analysis dd suggest, however, that the quantity of estrogen may not be the sole factor involved This finding has been 
confirmed in the United States. Caretui epidemiological studies to determine the degree of thromboembolic risk associated 
with progestogen-only oral contraceptives have not been performed. Cases of trromboembalte disease have been reported 
in women using [hese products, and they should not be presumed to be tree of excess risk. The nsk of Ihrombaembohc 
and thrombouc disorders, in both users and nonusers of oral contraceptives, increases with age. Dral contraceptives are, 
however, an independent risk factor tor these events. ESTIMATE OF EXCESS MORTALITY PROM CIRCULATORY DISEASES: A 
large prospective study carried out in the United Kingdom estimated the mortality rate per 100,000 women per year from 
diseases of the circulatory system for users and nonusers of oral contraceptives according to age. smoking habits, and 
duration of use. The overall excess death rate annually from circulatory diseases for oral contraceptive users was este 
mated to be 20 per 100,000 {ages 15-34-57 100,000: ages 35-44-337 100,000; ages 45-49~ MO 100.000), the osk bemg 
concentrated in cider women, in those with a long duration of use, and in cigarette smokers. It was not possible, however, 
to examine the mterrelationships of age. smoking, and duration of use nor to compare the effects ot cantmuous versus 
menaient use. Although the study showed a -fold increase in death due to circulatory diseases ia users for five or 
more years, alf of these deaths occurred in women 35 or pider, Until larger numbers of women under 35 with cantuous 
use tor five or mare years are available, it is not possible to assess the magaitude of the felatve nsk for fhis younger age 
group. Another study published at the same time contums a previously repomad merease of mortality in pet users from 
cardiovascular disease. The available data from a variety of sources have been analyzed to estimate the risk of death 
associated with varous methods of contraception, The estimates af isk of death fer each method include the combined 
tisk of the contraceptive method (e.g. thrambeembolic and thrambotic disease in the case of oral contraceptives; pins the 
Hsk attributable to pregnancy or aborten in the event cf method failure. This. fatter risk varies wilh the etfectiveness ot the 
contraceptive method. The findings of this analysis are shown in Figure 1 below. The study concluded that the mortality 
associated with afi methods of birth central is low and below that assaciatec with childbirth. with the exception cf oral 









E _ contraceptives in women over 40 who smoke. (The rates given for pill only smokers for gach age group are tar smokers as 


- aclass. For “heavy” smokers [more than 15 cigarettes a day], the rates given would be about double. for “hgh” smokers 
fess than 15 cigarettes a day], about 50 percent.) The mortality assomated with oral contraceptive use in nonsmokers 
over 40 is higher than with any other method of contraception m that age group. The lowest mortality is associated with 
the condom or diaphragm backed up by early abortion The risk of thromboembatic and thrombotic disease associated 
with oral contraceptives increases with age alter approximately age 30 and. for myocardial wtarction, i further increased 
by hypertension, hypercholesterolemig. obesity, diabetes, or history of preeclamptic toxemia and especially oy cigarette 
smoking. The sk of myocardial infarction m oral contraceptive users is substantially increased in women age 40 and 
over, especially those with other risk factors. Based on the data current), available. the following chart gives a gross 
estimate of the risk of death from crculatory disorders associated with the use af mal contracephves 
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The physician and the patient shouid be alert to the earhest manifestations of thromboembotic and thrambetec dis- 
orders (e.g. thrombophlebitis. pulmonary embolism, cerebrovascular insufficiency, coronary seciusien, retinal throm- 
hosis, and mesenteric thrombosis) Should any of these occur or be suspected. the drug should be discontinued 
immediately. A four- to six-fold increased risk of posisurgery thromboemboic Complications has been reportad m oral 
contraceptive users. H feasible, oral contraceptives should be discontmued at leas! four weeks betore surgery of a type 
associated with an increased nisk of thromboembolism or prolonged immobilization. 2 OCULAR LESIONS. There have 
been reports of neuro-ocuiar jesions such as optic neurites of retinal thrombosis associated with the use ct oral 
contraceptives. Discontinue oral contraceptive medication if there is unexplained, sudden or gradual. partial or com- 
piete loss of vision, onset of proptesis or diplopia, papilledema; or retinal vascular lesions and institute appropnate 
diagnostic and therapeutic measures. 3. CARCINOMA. Long-term continuous administration of either natural or syn- 
thetic estrogen in certain animal species increases the frequency of carcmoma of the breast. cervix, vagina, and liver 
Certain synthetic progestegens, none currently contained in oral contraceptives, have been noted to mecrease the 
incidence of mammary nodules, benign and malignant, in dogs. in humans. three case control studies have reported an 
imceased risk of endometrial carcinoma associated with the prolonged use of exogenous estrogen in pastmenogausal 
women. One publication reported on the first 21 cases submitted by physicians to a registry of cases uf adenucarcr- 
noma of the endometrium in women under 40 on oral contraceptives. Of the cases found in women without predisposing 
risk factors for adenocarcinoma of the endometrium ie.g.. iregular bleeding at the time otal contraceptives were first 
given, polycystic ovaries}, nearly all occurred in women who had used a sequential oral contraceptive. These praducts 
are no longer marketed. No evidence has been reported suggesting an increased risk of endometrial cancer in users of 
conventional combination or progestogen-anly oral contraceptives. Several studies have found no increases in breast 
cancer m women taking orai contraceptives or estrogens. One study. however, while aiso noting ao overall increased 
risk at breast cancer in women treated with oral contraceptives, found aa excess risk in the subgroups of oral contra- 
ceptive users with documented benign breast disease. A reduced occurrence of benign breast tumors m users of oral 
contraceptives has been well-documented. in summary. there s at present no contirmed evidence from human studies 
of an increased risk of cancer associated with oral contraceptives. Close clinical surverlance of all women taking oral 
contraceptives is, nevertheless, essential. in ail cases of undiagnosed persistent or recurrent abnormaj vaginal bleed- 
mg. appropriate diagnostic measures should be taken to rule out malignarcy. Women with a strong family histery of 
breast cancer or who have breast nodules, fibracystic disease or abnoanal mammograms shouid be monrored with 
particular care if they elect 1o use oral contraceptives instead of other methods of contraception. “Trademark 
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4 HEPATIC TUMORS. Benign hepatic adenomas have been found to be associated with the use of cral conwaceptives. One 
Study showed that oral contraceplive formulations with high Rormonai potency were associated with a higher risk than 
tower potency formulations and use of orai contraceptives with high hormonal potency and age ovar 30 years may further 
merease the woman's risk of hepatocellular adenoma. Although benign, hepatic adenomas may supture and may cause 
geath through intra-abdormnal hemorrhage. This has been reported in short-term as well as long-term users of grait 
contraceptives. Two studies reiate risk with duration of use of the contraceptive. the risk being much greater after four or 
more years of oral contraceptive use While hepatic adenoma is a rare lesion, it should be considered in women presenting 
abdominal pain and tenderness, atxiomunal mass or shock. A few cases of hepatocellular carcinoma have been reported m 
wanen faking oral Contraceptives, The relationship of these drugs to this type of malignancy is ct known at thes time. 5. 
USE IN OR IMMEDIATELY PRECEDING PREGNANCY, BIRTH DEFECTS IN OFFSPRING. AND MALIGNANCY IN FEMALE OFF- 
SPRING The use of female sex Normones—both estrogenic and progestatonal agents—during early pregnancy may 
seriously damage the offspring. F has been shown that females exposed in utero to diethyistibestrol, a nonsterorda 
estrogen. have an increased risk of developing in iater life a form of vaginal or cervical cancer that is orthnarily extremely 
rare This risk has been estanatea to be on the order of 1 to 4 in 1000 exposures. Although there is no evidence at the 
present ume that oral contraceptives further enhance the nsk of developing this type of malignancy, such patients shouid 
de monitored with particular care if they elect to use oral contraceptives instead of other methods of contraception. 
Furthermore. a high percentage of such exposed women (from 30 to 90%) have been found to nave epithelial changes of 
ihe vagina and cervix. Although these changes are histologically benign, itas not known whether this condition is a 
precursor of vaginal malignancy. Male children so exposed may develop abnormalities of the urogenital tract. Although 
Sifulas data are nov avaiable with the use ot other estrogens, it cannot be presumed that they would not induce similar 
changes An increased (sk of congenital anomalies, inchiding heart detects and kmb defects, has been reported with the 
use of sex hormones, including oral contraceptives, in pregnancy. One case contro! study has estimated a 4 7-told increase 
fa fisk of limb-reduction defects io infants exposed it utero to sex hormones (oral contraceptives, hormonal withdrawal 
tests for pregnancy of attempted treatment tar threatened abortion). Some of these exposures were very short and 
involved ently a tew days of trearment. The data suggest that the risk of fimb-reduction defects in exposed fetuses is 
somewhat less than one in 1.000 live births. In the past, female sex hormones have been used during pregnancy in an 
attempt to treat threatened or hacitual abortion. There is conswlerable evidence that estrogens are ineffective for these 
wuications, and there is no evidence trom well-controlled studies that progestogens are effective for these uses. There is 
sume evidence that tripionly and possibly other types of polyploidy are increased among abortuses from women who 
become pregnant soon after ceasing oral contraceptives. Embryos with these anomalies are virtually always aborted. 
spontaneously. Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping 
oral Contraceptives is unknown. fis recommended that for any patient who has missed two consecutive periods, preg- 
nancy sheud be ruled cut betore continuing the contraceptive regimen. if the patient has nof adhered to the prescribed 
schedule. the possibility of pregnancy should be considered at the time of the first missed period (ar after 45 days from the 
last menstrual period if the progestogen-only oral contraceptives are used}, and further use of oral contraceptives should 
de withheld until pregnancy has heen ruled out. if preanancy is confirmed, the patient should be apprised of the potentia 
risks to the fetus and the advisab:ity of continuation of the pregnancy should be discussed in the light of these risks. ft 1s 
also recommended thal women wid discontinue oral contraceptives with the intent of becomung pregnant use an alternate 
fom af contraception for a period of time before attempting to conceive. Many clinicians recommend three months 
although no precise intormation 6 available on which to base this recommendation. The administration of progestogen- 
only or pragestogen-estragen Combinations to induce withdrawal bleeding should not be used as a test of pregnancy. 6. 
GALLBLADDER DISEASE. Studies report an mcreased nsk of surgically confirmed galibiadder disease in users of oral 
contracephves and estrogens. in one study, an increased nisk appeared after two years of use and doubled after four or 
five years of use. in one of the other stuckes, an increased nsk was apparent between six and tweive months of use. 7 
CARBOHYORATE AND LIPID METABOLIC EFFECTS. A decrease in glucose tolerance has been coserved in a significant 
percentage of patients on oral contraceptives. For this reason, prediabetic and diabetic patients should be carefully 
observed while receiving oral contraceptives An increase in triglycerides and total phospholipids has been observed it 
patents receiving ofal cantraceptives. The clinical significance of this finding remams ta be defined. 8. ELEVATED BLOOD 
PRESSURE. An increase in blood pressure has been reported in patients receiving oral contraceptives. In some women 
ypertension may occur within a ‘ew months of beginning ora! contraceptive use. in the first year of use. the prevalence at 
women with hypertension is jow in users and may be no higher than that of a comparable group of nonusers. The 
prevalence in users increases. however, with longer exposure, and in the fitth year of use is two and a half to three times 
the reported prevalence in the fest year, Age is also strongly correlated with the developmen’ of hypertension in ora! 
contraceptive users. Women who previously have had hypertension during pregnancy may be more likely to develop 
elevation at blood pressure when given oral contraceptives. Hypertension that develops as a result of taking oral contra- 
Ceptives usually returns to normal after discontinuing the drug. $ HEADACHE. The onset or exacerbation of migrame or 
development of headache of a rew pattern which is recurrent, persistent, or severe, requires discontinuation af oral 
contraceptives and evaluation of the cause. 10. BLEEDING IRREGULARITIES. Breakthrough bleecing. spotting, and amen- 
ohea are frequent reasons for patients discontinuing orai contraceptives. in breakthrough bleeding, as in al! cases of 
iregular bleeding from the vagina. nonfunctional causes should be borne im mund. in undiagnosed persistent or recurrent 
abnorna: dDleeding trom the vagina, adequate diagnostic measures are indicated to rule out pregnancy or malignancy. if 
pathology has heen excluded. ume or a change to another tormulation may solve the problem. Changing to an ora! 
contraceptive with a higher estrogen contant, while potentially useful in minimizing menstrual irregularity. should be done 
only if necessary since this may increase the risk of thromboembolic disease. Women with a past history of oligomen- 
orrhea of secondary amenorrhea or young women without regular cycles may have a tendency to remain anovulatory or 
to become amenorrhesc after discontinuation of oral contraceptives. Women with these preexisting problems should be 
advised of this possitdity and encouraged to use other contraceptive methods. Postuse anovulatian, possibly prolonged. 
May aise occur In women without previous irregularities. 11. ECTOPIC PREGNANCY. Ectopic as well as intrauterine preg- 
nancy may occur in contraceptive fatlures. 12. BREAST FEEDING. Oral contraceptives given in the postpartum period may 
vitertere with lactation. There may be a decrease in the quantity and quality of the breast melk. Furthermore, a smat 
fraction of the hormonal agents in oral contraceptives has been identified in the milk of mothers receiving these drugs. The 
tects. if any, on the breastlec child have not been determined. if feasible, the ose of oral contraceptives should be 
deferred until the infant has been weaned. : General: 1, A complete medicai and family history shouid be taken 
puo to the imitation of arai contraceptives. The pretreatment and periodic physica! examinations should include special 
reference to blood pressure. breasts, abdomen and pelvic organs. including Papanicolaou smear and relevant laboratory 
tests. As a general rule, oral contraceptives should not be prescribed for jonger than one year without annther physical 
examination being performed. 2. Under the influence of estragen-progestogen preparations, preexisting uterine leiomyo- 
mata May incrbase in size 3 Patients with a history of psychic depression should be carefully observed and the drug 
discontinued if depression recurs to a serious degree. Pahests becoming significantly depressed while taking oral con- 
taceptives should stop the med-cation and use an alternate method of contraception in an attempt to determine whether 
the symptom is drug-related. 4. Drai contraceptives may cause some degree of fluid retention. They should be prescribed 
with caution. and only with careful monitoring, in patients with conditions which might be aggravated by fluid retention, 
Such as Convulsive disorders. migraine syndrome, asthma, of cardiac or renal insufficiency. 5. Patients with a past history 
of jaundice during pregnancy have an increased risk of recurrence of jaundice while receiving oral contraceptive therapy H 
jaundice develops in any patient receiving such drugs, the medication should be discontinued. 6 Sterox! hormones may be 
poorly metabolized in patients with impaired liver function and should be administered with caution in such patients. 7. 
Orat contraceptive users may have disturbances in normal tryptophan metabolism which may resuit in a relative pyri- 
doune delioency. The cimcal significance of this is yet to be determmed. 8. Serum folate jeveis may be depressed by oral 
contraceptive therapy. Since the pregnant waman is predisposed to the development of folate deficiency and the incidence 
of folate deficiency wicreases with increasing gestation, it is possible that if a woman becomes pregnant shortly alter 
slapping oral contraceptives, she may have a greater chance of developing folate deficiency and complications attributed 
to this deficiency. 9. The pathologist shouid be advised of orai contraceptive therapy when relevant specimens are sub- 
mitted 10. Certain endocrine and liver function tests and bigod components may be affected by estrogen-containing oral 
contraceptives: a. increased sutfobromaphthaiein retention. b. increased prothrombin and factors Vit. YIH, EX, and X: 
decreased antithrombin 3. increased norepinephrine-induced plateiet aggregability. c. Increased thyroid-binding globulin 
(TBG: leading to increased circuiting total thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column, or 
T4 by radioimmunoassay. Free T3 resin uptake is decreased, reflecting the alevated TBG. free T4 concentration is unma- 
tered. d. Decreased pregnanedicl excretion. e. Reduced response to metyrapone test. INFORMATION POR THE PATIENT: (See 
Patient Package tasari). BRUG IT ; Reduced efficacy and increased incidence of breakthrough bleeding have been 
associated with concomitant use of rifampin A similar association has been suggested with barditurates, phenylbutazone, 
phenytoin sodium, ampicillin, and tetracycline, GARCANDGERESIS, PREGNANCY, NURSING MOTHERS: See CONTRAINDICATIONS 
and WARNINGS. ADVERSE REACTIONS: An increased risk of the following serious adverse reactions has been associated with 
the use of oral contraceptives @ee WARNINGS) Thrombopnebitis. Pulmonary embolism. Coronary thrombosis Cerebral 
thrombesis. Cerebral hemorrhage. Hypertension. Gallbladder disease. Liver tumors. Congenital anomalies. There is evr 
dence of an association between the following conditions and the use cf oral contraceptives, although additional contir- 
matory studies are seeded: Mesenteric thrombosis. Neuro-ocular ipsions, eg., retinal thrombosis and optic neurihs. The 
lollawing adverse reactions have been reported in patients receiving oral contraceptives anc are believed to be drug- 
related. Nausea, usually the mast common adverse. reaction. Vomiting, occurs in approximately 10% or jess of patients 
during the first cycle. Other reactions, as a general rule, are seen much fess frequently or omy occasionally. Gastrointes- 
taal symptoms (such as abdominal cramps and bloating). Breakthrough bieeding. Spotting. Change in menstrual flow 
Dysmenorrhea. Amenorrhea during and after treatment. Temporary infertility after discontinuance of treatment. Edema. 
Chioasina or melasma which may persist. Breast changes. tenderness, enlargement, and secretion. Change in weight 
increase or decrease). Change in cervical erosion and cervical secretion. Possible diminution in lactation when given 
imenediately postpartum. Cholestatic jaundice. Migraine. increase in size of uterme lesomyomata. Rash (aflergic). Mental 
depression Reduced tolerance to carbohydrates. Vaginal candidiasis. Change in comeal curvature isteepening: Intoler- 
ance te contact lenses The fatiowmg adverse reactions have been reported in users of oral contraceptives, and the 
association has been nether confiemed nor refuted. Premenstrual-like syndrome. Cataracts. Changes m jibe Chorea 
Changes in appetite Cystitis-like syndrome. Headache. Nervousness. Dizziness. Hirsutism Loss of scaip haw Erythema 
multiforme. Erythema nodosum. Hemorrhagic eruption. Vagints. Porphyria impaired rena! function. (ORTHO-NOVUM 
1/SOCI21 and ORTHG-NOVUM 1/500128 contain tartrazine. Allergic reactions have been reported with the ingestion of this 
dye i some patients.) ACUTE OVERDOSE: Serious if! effects have not been reported following acute ingestion of large doses 
of oral contraceptives Oy young children. Overdosage may cause nausea, and withdrawal bleeding may occur in temaies. 
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Peroxidase activity in glands and stroma of 


human endometrium 
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Peroxidase activity was measured in specimens of human endometrium taken at different days of 
the menstrual cycle. High specific activities were more frequently found in secretory endometrium 
than in proliferative tissue, but the variance at each phase of the cycle was large and differences 
were statistically not significant. The results obtained do not support the-hypothesis that peroxidase 
activity is determined by the leveis of circulating estrogens, as is apparently true in rats. Extremely 
high levels of peroxidase activity were noticed in some, but not all, specimens of endometrial 
adenocarcinoma. Endometrial glands were separated from the stroma after collagenase cigestion of 
normal and abnormal endometrium, and peroxidase activity was measured in each fraction. The 
enzyme was found to be preferentially localized in the stroma, in contrast to the reported findings of 
predominantly epithelial localization in the rat. (AM. J. OBSTET. GYNECOL. 138:599, 1980.) 


Lucas and co-workers’ reported, in 1955, that the 
specific activity of uterine peroxidase in the rat could 
be elevated up to 200-fold by treatment of the ovariec- 
tomized animals with estradiol or diethylstilbestrol. 
Other studies have confirmed these findings? § and re- 
vealed that estrogens provoke extraordinary increases 
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in uterine peroxidase activity also in mice.’ Responses 
in guinea pig and hamster uteri were considerably 
smaller. Stimulation of rat uterine peroxidase by estro- 
gens could be prevented by simultaneous administra- 
tion of antiestrogens and progesterone.® Histochemical 
studies have indicated that the activity is localized in the 
luminal and glandular epithelium of the rat uterus.? + 9 
A wide range of peroxidase activity was found in 
human endometrium by Lucas and associates’ and by 
Lyttle and De Sombre.’ According to one of these re- 
ports, the activity increases during the luteal phase 
and reaches a maximum at days 17 to 20 of the men- 
strual cycle. This finding indicates that human endo- 
metrial peroxidase-and the murine uterine enzyme 
may differ in their response to ovarian hormones. 
The purpose of the present study was to reexamine 
the levels of peroxidase in human endometrium dur- 
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Fig. 1. Peroxidase activity in normal endometrium. Specimens.were dated according to the criteria of 
Noyes and associates. Each unit of enzymatic activity corresponds to the increment of 1 optical 
density unit per minute per milligram of DNA in the sample from which the enzyme was extracted. 


ing the menstrual cycle, by applying the same assáy 
method used to obtain most of the.data on activities in 
the rat uterus. This point of methodology may be of 
importance in the comparison of hormonal effects on 
uterine peroxidase activity in different species, since 
various types of tissue peroxidases haye been re- 
ported.™ Activities 1 in specimens of endometrial adeno- 
carcinoma were also measured and compared with the 
activity in normal endometrium. . 

` Another purpose of this work was to determine the 
distribution of peroxidase activity in stroma arid glan- 
dular epithelium isolated from specimens of human 
endometrium: by methods previously reported.” At- 
tempts were made. to measure peroxidase activity in 
fragments of endometrium kept in tissue culture, and 
in monolayer cultures of stromal and epithelial endo- 
metrial cells. 

The results obtained indicate that conclusions about 
hormonal dependence and cellular distribution of uter- 
ine peroxidase derived from work on rodents cannot 
be extrapolated to the human endometrium. 


Material and methods 


Samples.of endometrium were obtained by curettage 
performed for reasons unrelated to this study, or by 
scraping the uterus after hysterectomy. The specimens 
were transported to the laboratory in cold Earl's bál- 
anced salt solution containing 1% of an antibiotic- 


antimycotic mixture (GIBCO, Grand Island, New 


York), and they were used uwa 4 hours. Dating of 
the endometrial specimens according to the criteria of 
Noyes and. associates"? and pathologic evaluation of 
them were kindly performed by Dr. Liane Deligdisch, 
Department of Pathology, Mount Sinai School of | 
Medicine. 

Glands were separated from stroma in a slight mod- 
ification of a method previously described in detail." 
Small pieces of endometrium, approximately 1 cubic 
millimeter, were digested in Ham’s F-10 medium with 
L-glutamine (Flow Laboratories) containing 0.25% col- 
lagenase, type I (Worthington Biochemical Corpora- 
tion). Digestion was carried out for 1 to 2 hours at 37° C 
with shaking in a water bath. The digested tissue sus- 
pension was subsequently passed through a 38 pm 
stainless steel sieve (Newark Wire Cloth Co., Newark, 
New Jersey) to separate glands, retained on the filter, 
from stromal cells. The two tissue components were 
collected in Ham’s F-10 medium and centrifuged; the 


' pellets were washed in 10 mM Tris-HCl buffer before 


homogenization. 

Peroxidase assay. The enzyme assays were per- 
formed essentially ‘according to the procedures de- 
scribed by Lyttle and De Sombre. Approximately 20 to 
30 mg of tissue was minced on ice, washed with 10 mM 
Tris-HCl buffer, pH 7.2, gently homogenized on ice in 
a glass/glass homogenizer with 0.5 ml of the same buf- 
fer, and centrifuged at 105,000 x g for 30 minutes at 
2° C. The supernatant, which had no peroxidase activ- 
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ity, was discarded and the pellet was extracted with 0.2 
ml of 10 mM Tris-HCl containing 0.5M CaCl. The 
homogenate was then transferred to a centrifuge tube 
with the aid of 0.2 ml of the same buffer and cen- 
trifuged at 105,000 x g for 30 minutes at 2° C. The 
pellet was stored at —30° C for determination of 
DNA," and the supernatant was used for the assay of 
peroxidase activity. 

Enzyme activity was determined spectrophotometri- 
cally, with the use of guaiacol and hydrogen peroxide 
as substrates in triplicate at 22° C. Fifty microliters of 
_ the extract was added to 0.8 ml of freshly prepared 
substrate solution (10 mM Tris-HCl, pH 7.2, 0.5M 
CaCl, 13 mM guaiacol, 0.3 mM H,O,) in a 1.5 ml- 
cuvette, and the initial rate of guaiacol oxidation was 
determined from the increase in absorbance at 470 nm 
in a Bausch and Lomb Spectronic 70. A peroxidase 
activity unit is defined as an activity in the tissue pro- 
ducing an increase of 1 optical density unit per minute 
per milligram of DNA under the experimental condi- 
tions described above. i 

The same assay procedures were applied to the mea- 
surement of peroxidase activity in homogenates of 
glands or stromal cells, obtained as described above. 


Results 


Several tests were conducted in order to validate the 
measurements of peroxidase activity. Linearity of ab- 
sorbance increments with time and proportionality of 

the measured activity with enzyme concentration in the 
| assay medium were demonstrated. Only a slight decline 
in the enzymatic activity was noted in a sample stored 
on ice for 6 hours. 

For the same purpose, the peroxidase activity in 
erythrocyte ghosts was estimated. Because of the pos- 
sibility that blood cells might contaminate the samples 
in spite of repeated washing of the finely minced tissue, 
the CaCl, extract of the pellet that remained after 


hypotonic lysis of cells separated from 10 ml of hepa- , 


rinized blood was subjected to the peroxidase assay. 
From the values obtained, it was estimated that a 30% 
contamination of the sample with blood could account 
for no more than 0.03 unit of peroxidase activity. No 
significant numbers of eosinophils or other granulo- 
cytes containing peroxidase activity were detected by 
histologic examination of both normal and cancerous 
specimens stained with hematoxylin and eosin. 

Fig. 1 shows the levels of peroxidase activity in en- 
dometrium obtained at different days of the menstrual 
cycle. Low values of peroxidase (0.2 to 2.0 units) were 
measured both in proliferative and secretory endome- 
trium, but higher activities (2.5 to 1] units) were more 


frequently found during the luteal phase (12 cases in. 
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Fig. 2. Peroxidase activity in specimens of hyperplastic endo- 
metrium and well-differentiated (W), moderately (M), mod- 
erately (> poorly (M-P), and poorly (P) differentiated endo- 
metrial adenocarcinoma. 


| 

| 
secretory endometrium versus two in proliferative tis- 
sue)! Coefficient of correlation analysis between perox- 
idase activity and day of the menstrual cycle revealed a 
slight trend toward an increase from the early pro- 
liferative to the late secretory phases. ‘The coefficient of 
correlation was r = 0.30, P = 0.08. No statistical differ- 
ences between the mean values corresponding to sam- 
ples!of proliferative and secretory endometrium were 
detected by Student’s t test. The wide range of values 
detected in each phase of the menstrual cycle and the 
apparent predominance of higher activities in secre- 
tory endometrium do not support the hypothesis that 
estrogens by themselves stimulate peroxidase activity in 
human. endometrium. 

Fig. 2, drawn on a different scale than Fig. 1, shows 
levels cf peroxidase activity found in a few samples of 
hyperplastic endometrium and endometrial adenocar- 
cinoma of various degrees of differentiation. The re- 


markably high values of peroxidase present in four of 


the ‘seven specimens of endometrial cancer studied 
were never seen in normal tissue. However, activities in 
the other three samples of endometrial carcinoma were 
within the normal range. The small number of samples 
of encometrial adenocarcinoma that were analyzed 
does not allow the study of correlations of activities 
with the degree of differentiation or other characteris- 
tics of the tumor. The two cases of endometrial hy- 
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Table I. Glandular and stromal peroxidase activity in several types of endometrium 


Types of endometrium 


Midproliferative e dol 
Midproliferative 3.9 
Late proliferative 0.92 
Secretory, Day 17 1. 
Day 21 0.€3 
Day 23 4.7 
Day 24 5.3 
Adenomatous hyperplasia 3.5 | 
Well-differentiated adenocarcinoma l 33 


QNS = Quantity not sufficient. 


perplasia showed activity values within the range of 
normal proliferative endometrium. 

Table I presents values of peroxidase activity in 
whole endometrium and in the separated stromal and 
epithelial components. Preferential localization of the 
activity in the stromal cells is clearly apparent. In most 
cases, the values of peroxidase activity in whole tissue 
lie, as would be expected, between the specific activities 
in glands and stroma. 

Since the relative proportion of glandular and 
stromal cells is, on the average, about 1.3, as deter- 


mined by measurements of DNA content in glands re- 


tained on the filter and in the stromal cells in the 
filtrate, one can conclude from the data in Table I that 
the peroxidase activity resides preferentially in the 
stromal component of the endometrium. 

These results contrast with the histochemical find- 
ings in estrogen-stimulated rats* which indicate that rat 
uterine peroxidase activity resides in the luminal and 
glandular epithelium. 

Similar preferential localization of peroxidases in 
stromal cells was found in a specimen of hyperplastic 
endometrium and in another of well-differenti- 


ated endometrial adenocarcinoma, also shown in 
Table I. . 


Comment 


The peroxidase activity in human endometrium 
appears to differ from that in the rat uterus, both in 
hormonal dependence and cellular distribution. The 
changes in endometrial peroxidase during the men- 
strual cycle failed to show evidence of stimulation by 
estrogens. Although some high levels were noted in 
midproliferative and late-proliferative tissue and at 
days 15 and 16, when the tissue was at a point of transi- 
tion between proliferative and secretory phases, others 
remained low at the end of the follicular phase, 
and the differences of the means in the two phases 


Peroxidase activity units 


Stromalglands _ 
0.31 1.2 4 
0.20 6.4 32 
~0 2.0 — 
0.04 1.3 32 
0.17 3.3 19 
QNS 18 — 
0.04 3.8 G5 
0.61 5.1 8 
4.3 26 6 


were statistically not significant. In human beings, per- 
oxidase activity is preferentially found in the stroma, 
whereas the enzyme is localized mainly in luminal and 
glandular epithelial cells in the rat.” * 9 

Species differences in hormonal control of uterine 
enzymatic activities are not completely unexpected. Es- 
tradio] 178 dehydrogenase, for instance, is stimulated 
by progestins in human endometrium” and by estro- 
gens in rat uterus.'® ‘7 More direct experiments, either 
in vivo or in vitro, are necessary to answer the question 
of hormonal dependence of endometrial peroxidase 
activity in human beings. Attempts to study in vitro the 
effects of various hormones on peroxidase activity in 
human endometrium were handicapped by the loss of 
activity in tissue kept in organ culture or in endometrial 
cells grown in monolayer. 

A factor that may be responsible for the marked 
variance in the peroxidase levels is the age distribution 
of the patients (51% of the patients were 40 years old 
or over and only 6% were under 30 years of age). For 
instance, age-related impairments in uterine response 
to a deciduogenic stimulus has been demonstrated in 
mice before midlife.'® 

Peroxidase appears to share with alkaline phos- 
phatase the same pattern of activity throughout the 
menstrual cycle.” As is also the case with alkaline phos- 
phatase, the specificity and function of peroxidase in 
endometrium are not known. 

No distinct pattern emerged of peroxidase activity in 
cancer tissues. It is of interest that levels of peroxidase 
in breast cancer also showed great variability,’ but the 
spread of that variability was relatively uniform and 
quantitatively comparable to the distribution of perox- 
idase activity in normal human endometrium reported 
in the same study. In contrast, the high levels of perox- 
idase activity in cancer tissues observed in the present 
study were markedly above the highest values in nor- 
mal endometrium. 
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Comparison of human and sheep chorion laeve 


permeability to glucose, 8- -hydroxybutyrate, 
and glycerol 


A. E. SEEDS, M.D.+ 
L. S. LEUNG, M.S. 

S. J. STYS, M.D. 

K. E. CLARK, Pu.D. 
P..T. RUSSELL, Pu.D. 


Cincinnati, Ohio 


Significant permeability of in vitro human chorion laeve to glucose, glycerol, and B-hydroxybutyrate ` 
(BOH butyrate) and in vitro sheep chorion laeve to glycerol and BOH butyrate was measured. 
Diffusion across these tissues of glycerol and BOH butyrate corresponded to the relative molecular 

size, charge, and lipid solubility of these compounds. The simple diffusion of glucose across human 
chorion laeve was somewhat reduced by metabolic conversion of this compound during the transfer 


process. Demonstration of in vitro human placental tissue permeability to ketoacids and glycerol 
suggests that these compounds cross to the fetus when elevated in the maternal diabetic state. 


(AM. J. OBSTET. GYNECOL. 138:604, 1980.) 


INCREASES in the maternal levels of ketoacids and 
glycerol frequently accompany hyperglycemia in the 


poorly controlled pregnant diabetic patient.’ It is often - 


assumed that fetal ketoacidosis occurs secondary to tke 
maternal accumulation of ketoacids under these con- 
ditions. However, evidence for'this assumption in 
human beings is essentially limited to the demonstra- 


tion of increased fetal ketoacids during periods of ma- ` 


ternal fasting in nondiabetic patients.” ® Both fetal and 


maternal compartments are hypoglycemic and hypoin- 


sulinemic during maternal fasting, and, thus, fetal ele- 
vations of ketoacids could have originated from fetal 
lipolysis. Data from other species are conflicting, in that 
ketoacids appear to cross the placenta in rodents but do 
not appear to penetrate placental tissue in ungulates.’ 
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There is very little experimental data on placental 
permeability to glycerol in any species. In an attempt to 
provide further information in regard to placental 
permeability to ketoacids, the present study was under- 
taken to measure the permeability of human and sheep 
placental tissue, mounted in vitro, to B-hydroxybuty- . 
rate (8OH butyrate), glycerol, and glucose. 


Methods 


Chorion laeve obtained from 68 human and li 
sheep pregnancies were studied in separate experi- 
ments. All membranes were mounted in an in vitro 
diffusion chamber within 10 minutes of delivery, as 
previously described.® ° The mounted membranes di- 
vided the chamber into two compartments, both of 


which communicated with a chimney posteriorly. A gas 


mixture that contained 95% oxygen and 5% carbon 
dioxide was bubbled into the base of the chimneys in 
order to provide oxygen requirements and maintain 
the pH ofa 20 millimolar bicarbonate solution between 
7.4 and 7.5. The bathing medium contained physio- 
logic quantities of other electrolytes and glucose. These 
experiments were performed at 38° C by suspension of 
the diffusion chambers in a constant-temperature 
water bath. 

Concentration differences across the mounted tissue ` 
layers were created by the addition of 200 mg/dl of 
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Fig. 1, Elution profiles for nonradioactive and radioactive B-hydroxybucyrate on 1 by 24 cm anion 
exchange (formate form) Dowex 1 — x8 column. After introduction of these samples, the column 
was eluted with a 3N formic acid gradient. Ninety-seven percent af the radioactivity (C'*-BOH 
butyrate) emerged in fractions 25-29, which also contained the major amount of cold BOH butyrate, 
thus indicating little chemical alteration of the radiolabeled BOH butyrate during diffusion across 


this tissue. 


glucose, 0.1 pCi of C-labeled B-hydroxybutyrate, or 
0.1 aCi of C-labeled glycerol into the chimney on one 


side of the system. Each test solute was studied indi-. 


vidually, in separate experiments. In ceriain cases, a 10 
mg/d] paraminohippurate gradient was created simul- 
taneously to provide a reference solute of similar size 
and water solubility for comparison of placental per- 


meability, Permeability constants (cm sec™}) and diffu- 


sion coefficients (cm? sec!) were calculated for each 
experiment from serial measurements of changes in 
solute concentration or radioactivity over 90 minutes 
on the two sides of the chamber. Diffusion coefficients 
were estimated by determination of the weight of a 
known area of membrane and assumption of a specific 
gravity of 1.0. The calculations necessary for such flux 
experiments have been described previously.’ 

The chemical integrity of C'*-radiolabeled BOH 
butyrate, glycerol, and glucose during these experi- 
ments was confirmed by ion exchange chromatography 
with a (formate form) Dowex column; labeled and en- 
zymatically determined cold BOH butyrate in strong- 
side and weak-side bathing media from the diffusion 
chamber was adjusted to pH 6 with IN hydrochloric 
acid and eluted with a 3N formic acid gradient (Fig. 1). 
Radioactive tracer and the enzymatically measured 
BOH butyrate emerged from the column in essentially 
identical fractions, thus indicating no significant chem- 


ical alteration in BOH butyrate during the diffusion 
process. 

C™-glycerol samples were adjusted to pH 6 and 
eluted with a 6N formic acid gradient (Fig. 2). Ninety- 
seven percent of the radioactivity and almost all of the 
enzymatically determined glycerol appeared in iden- 
tical fractions, thus indicating that no chemical altera- 
tion of the radiolabeled glycerol took place in these 
experiments. 

Samples of C'—p-glucose from a typical diffusion 
experiment were eluted on a similar column with a 1M 
NaCl gradient. Elution profiles are presented in Fig. 3. 
Data from chromatography of bathing media on the 
weak side of the diffusion chamber at the conclusion of 
such an experiment indicated that only two thirds of 
the radioactivity was found in fractions that contained 
enzymatic glucose activity, whereas one third of the C™ 
appeared in much later fractions, probably represent- . 
ing a glucose metabolite of lesser molecular weight. 

Partition coefficients for separation of solute be- 
tween chloroform and the buffer solutions used in 
these diffusion experiments were measured as follows: 
2 ml of buffer solution that contained a known amount 
of solute was mixed with 2 ml of chloroform by con- 
stant shaking until equilibrium concentrations of solute 
in the two solvent phases was achieved. No further . 
changes in solute concentration were observed in any 
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Fig. 2. Elution profiles for C'-radiolabeled glycerol and Sane measured nonradiolabeled 
glycerol on 1 by 26 Dowex 1 — x8 column. After addition of glycerol samples, the column was eluted 
with 6N formic acid gradient. Appearance of radioactivity and cold glycerol in identical fractions 
confirmed the integritv of the radiolabeled glycerol during these experiments. 


Table I. Human chorion laeve permeability to 
glycerol, pcos: and BOH iin 








Solute > D x 10% cm? sec™} 


Glucose 3.09 + 0.32 (26) 2.08 + 0.15 (26) 
BOH butyrate 4.10 + 0.22 (21) 2.97 + 0.26 (11) 
Glycerol ' 4.91 + 0.28 (21) 3.13 + 0.15 (21) 


Results given are means + standard error of the mean. 
Number of experiments in parentheses. 


sample after 10 minutes. The suspension was cen- 
trifuged and solute analysis was performed in triplicate 
on the separated buffer solution. i 

Glucose concentration was measured. enzymatically. 
- Para-aminohippurate was measured colorimetrically by 
means of a diazotization reaction described by Bratton 
and Marshall.'” C'-B8OH butyrate and C™-glycerol ac- 
tivity were counted in a Beckman liquid scintillation 
counter, 


: Results 


The mean values for human chorion laeve permea- 
bility in vitro, at term, are given in Table I.: Mean 
' values + SEM for permeability constants (P x 107° cm 
sec"') were 3.09 + 0.32 for glucose, 4.10 + 0.22 for 
BOH butyrate, and 4.91 + 0.28 for glycerol. Mean val- 
ues + SEM for diffusion coefficients (D x 107° cm? 
sec!) were 2.08 + 0.15 for glucose, 2.97 + 0.26 for 


Table II. Sheep chori ion laeve (intercotyledonary) 
permeability to OH butyrate and glycerol 


Solute D X 108 cm? sec? 
BOH butyrate 5.10 + 0.41 (8) 1.48 + 0.09 (8) 
Glycerol 7.98 + 0.60 (7) 2.13 + 0.14 (7) 


Results given are means + standard error of the mean. 
Number of experiments in parentheses. 


BOH butyrate, and 3.13 + 0.15 for glycerol. When the 
diffusion of these solutes was measured in vitro across 
intercotyledonary sheep chorion laeve (Table II), the 
mean P values + SEM were 5.10 + 0.41 for BOH buty- 
rate and 7.98 + 0.60 for glycerol, and the mean -D val- 
ues were 1.43 + 0.09 for BOH butyrate and 2.13 + 
0.14 for glycerol. In Table III, in vitro placental tissue 
permeability to these solutes is compared to simulta- 
neously: measured permeability to para-aminohippu- 
rate (PAH; molecular weight, 193). PAH is a frequently 
used standard representing a water-soluble molecule of 
intermediate molecular size. Ratios of 0.71 for glu- 
cose/PAH, 1.08 for BOH butyrate/PAH, and 1.24 for 
glycerol/PAH were obtained across human placental 
tissue. With intercotyledonary sheep chorion laeve, 
values of 1.01 for BOH butyrate/PAH and 1.52 for 
glycerol/PAH diffusion were obtained. Thus, glycerol 
diffuses across this tissue more rapidly than PAH, BOH 
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Table III. Ratio of chorion laeve permeability to 
various solutes vs. para-aminohippurate 


Glucose 0.71 (26) 
BOH butyrate 1.08 (21) 1.01 (8) 
Glycerol 1.24 (21) 1.52 (7) 


Number of experiments in parentheses. 


butyrate crosses at about the same rate in both species, 


and glucose crosses at a rate significantly below PAH in. 


the human being. 

Data which explain these findings in part are pre- 
sented in Table IV, where chloroform-water partition 
coefficients are given for these solutes. All three solutes 
are essentially water soluble and lipid insoluble, with 
comparable small chloroform-water partition values 
corresponding to some similarity in their placental 
permeability values, that is, they cross this tissue at a 
rate roughly equivalent to that observed for com- 
pounds of similar size that diffuse through extracel- 
lular water-filled channels and unaided by solubility in 
and diffusion through cell lipid. However, the in- 
creased size of the glucose molecule and the charge on 
BOH butyrate (Table IV) probably’ contribute to 
somewhat lower diffusion rates. The relatively slower 
glucose diffusion may also be due to metabolism of this 
substrate by the membrane. Glucose would appear to 
diffuse across this tissue at a rate simi.ar to that for 
PAH, except that, as previously described, approxi- 
mately one third of this substrate is metabolized during 
transit. 

Membrane permeability to these solutes was un- 
changed by orientation of the membrane or resulting 
diffusion direction, that is, maternal-fetal’ or fetal- 
maternal (Table V). Permeability values for glucose 
were constant over 50 to 200 mg/100 ml concentration 
difference across chorion laeve in separate experi- 
ments, indicating that transfer of glucose was linear 
with gradient. Glucose permeation values were close to 
those measured for other compounds of similar size, 
thus indicating no evidence for facilitated diffusion of 
this molecule across in vitro chorion laeve in these ex: 
periments. 


Comment 


Evidence for significant permeability of human and 
sheep chorion laeve in vitro to glycerol and BOH buty- 
rate is presented in this study. Both of these solutes 
were shown to diffuse across this tissue in sizable quan- 
tities at rates equal to or in' excess of those measured for 
the similar-sized PAH molecule. These solutes share 
with PAH a relative low lipid solubility which corre- 
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Fig. 3. Elution profiles from a typical diffusion experiment for 
C™-glucose. and nonlabeled glucose on a 1 by 24 cm Dowex 
1 — x8 (formate form)icolumn eluted with a 1M NaC! gra- 
dient. Part 4 presents profile for a stock glucose solution 
showing the radioactive and enzymatically measured com- 
pound emerging in identical peaks. Parts B and C show elu- 
tion profiles for solutions from strong and’ weak sides of the 
diffusion chamber, respectively, at conclusion of experiment. 
Most significant is the finding that, on the weak side, approx- 
imately 35% of the radioactivity emerged separately from the 
enzymatically determined glucose, indicating that metabolic 
alteration of approximately one third of the glucose ‘most 
likely occurred during diffusion of this substrate across this 
tissue. 


sponds to their similar permeation of this membrane. 
In addition to size and lipid solubility, molecular 
charge is also known to have an important effect on 
placental membrane permeability. At pH 7.4, most 
(99%) of the BOH butyrate molecules (pK 4.4) would be 
present in dissociated or ionized form, thus retarding 
the diffusion of this solute across this tissue. For this 
reason, demonstration of sizable placental permeability 
to this solute at physiologic pH is of further sig- 
nificance. Glycerol is uncharged, which, along with its 
smaller molecular size (molecular weight, 92), may ac- 
count for the relatively large permeation values mea- 
stired for it. : 
Preliminary evidence from fasting sheep prepara- 
tions by Morriss and co-workers!! suggested that the 
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Table IV. Lipid solubility of glycerol, glucose, and BOH butyrate at 37° C 


Solute Molecular weight Charge at pH 7.4 | 


Glucose 180 
BOH butyrate 103 
Glycerol 92 


ChloroformipH 7.4 buffer 
partition coefficient 
0 4.2 x 10-4 
=] (14x 107 
0 4.3 x 1074 


Table V. Chorion laeve permeability (P xX 10° cm sec™') according to diffusion direction 


Solute diffusion direction 


Maternal > fetal 
Fetal —> maternal 


3.2 + 0.49 (15) 
2.92 + 0.39 (11) 


Glycerol 


3.67 + 0.27 (10) 
4.49 = 0.30 (11) 


5,15 + 0.37 (10) 
4.70 + 0.42 (11) 


Results given are means + standard error of the mean. Number of experiments in parentheses. ‘There was no statistically signif- 
icant difference between permeability values for opposite diffusion directions. 


placenta in this species is impermeable in vivo to 8OH 
butyrate. Therefore, the in vitro permeability of cho- 
rion laeve to BOH butyrate in this species may not cor- 
respond to in vivo events. Disparity between relative 
placental tissue permeability in vitro and lack of per- 
meability in vivo has been demonstrated by Battaglia 
and associates! for Na*, Cl”, and HCO,” ions in this 
species. However, further studies in vivo, with sizable 
maternal infusions of BOH butyrate, are needed to 
clarify this tssue, since the small transplacental ketoacid 
gradients during the fasting state are not comparable 
to the much larger maternal ketoacid accumulation in 
uncontrolled diabetes. 
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The effects of acute surgical stress and the accompanying anesthesia on anterior pituitary function 
in female subjects was studied by means of frequent perioperative determinations of the circulating 
concentrations of luteinizing hormone (LH), follicle-stimulating hormone (FSH), prolactin (PRL), 
growth hormone (GH), and thyroid-stimulating hormone (TSH). No appreciable alteration in the 
circulating concentrations of either LH or FSH could be detected. In contrast, the levels of PRL and 
GH were found to be markedly increased during the perioperative period, with the increase in PRL 
invariably preceding any noticeable alteration in GH levels. In addition, perioperative PRL but not 
GH levels were significantly higher (p < 0.01) in patients undergoing a major surgical procedure, in 
contrast to a minor one. Finally, this study furnishes detailed evidence of a small but significant 

(p < 0.05) increase in TSH levels in patients undergoing a major surgical procedure. Thess data 
indicate that augmentation of pituitary secretion of three stress-related hormones, but not 
gonadotropins, occurs during surgical procedures. (AM. J. OBSTET. GYNECOL. 138:609, 1980.) 


THE INTEGRATED neuroendocrine response to acute 
stress in man is generally thought to consist of a series 
of adaptational events designed to restore and main- 
tain overall homeostasis. Such mechanisms can be con- 
sidered by examining hormonal alterations during 
surgical procedures. Previous studies of pituitary func- 
tion during the perioperative period have consistently 
demonstrated augmentation of growth hormone (GH),! 
prolactin (PRL),” ° and adrenocorticotrophic hormone 
(ACTH)* ° secretion. However, relatively little infor- 
mation 1s available with respect to the effect of acute 
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surgical stress on circulating gonadotropin concentra- 
tions in female subjects,” 7 and studies of perioperative 
alteration in levels of thyroid-stimulating hormone 
(TSH) have yielded conflicting results.® 513 Therefore, 
the present investigation was undertaken to provide 
a comprehensive perioperative survey of anterior pi- 
tultary function in female subjects by means of fre- 
quent simultaneous determinations of five pituitary 
hormones, 


Material and methods 


Experimental subjects. Eight women, 22 to 43 years 
of age, who were scheduled to undergo elective abdom- 
inal surgical procedures for benign conditions volun- 
teered for this study, with informed written consent 
being obtained. All subjects were in good health, apart 
from the condition that prompted the scheduled op- 
eration, and none of the subjects had received any 
medications for at least 3 months-prior to this study. 
Additional pertinent data are detailed in Table I. 

The patients were divided into two groups on the 
basis of age, underlying diagnosis, and the extent and 
duration of the surgical procedure. Thus, Patients | 
through 4 were women with normal cycles (mean age, 
38 years) who underwent a major surgical procedure 
that lasted approximately 2 hours (123 + 2 minutes). 
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Table I. Characteristics of female subjects undergoing surgical procedures 


I 34 Bilateral hydrosalpinges 

2 36 Chronic pelvic pain 

3 40 Stress urinary incontinence 

4 43 Uterine fibroids/endometriosis 
5 22 Polycystic ovary syndrome 

6 22 ` Polycystic ovary syndrome 

7 28 Polycystic ovary syndrome 

8 31 Polycystic ovary syndrome 


BSO 122 
TAH + BSO 120 
TVH + anterior colporrhaphy 121 
TAH + BSO 130 
Laparoscopy + right ovarian biopsy 50 
Laparoscopy + curettage 70 
Curettage 65 
Laparoscopy + right ovarian biopsy 60 


BSO: Bilateral salpingo-oophorectomy. TAH: Total abdominal hysterectomy. TVH: Total vaginal hysterectomy. 


Table II. Mean (+SE) basal concentrations of hormones prior to surgical procedures 


NC (n = 4) 14.66 + 2.4 11.07 + 2.47 
PCO (n = 4) 47.5 + 5,71 9.43 + 0.98 
p <0.01 NS 


14.87 + 1.06 4.1] + 1.23 1.73 + 0.19 
90.84 + 4.23 4.06 + 0.6 1.54 — 0.48 
NS NS NS 


NC = Normal cycles. PCO = Polycystic ovary syndrome. NS = Not significant. 


Two of the women with normal cycles were in the pro- 
liferative phase, and the other two were in the luteal 
phase of their cycles. Dating was based on histologic 
examination of the endometrium,'! as well as on de- 
terminations of circulating steroid levels (data not 
shown). In contrast, Patients 5 through 8 were women 
with polycystic ovary syndrome (PCO) (mean age, 25 
years) who underwent a relatively minor surgical proce- 
dure that lasted approximately 1 hour (61 + 4 min- 
utes). The diagnosis of PCO was based on characteristic 
historical features, clinical findings, and biochemical 
indices.'* Confirmatory sections of ovarian tissue were 
available for two of the four patients with PCO; in the 
other two, the laparoscopic view was considered to be 
compatible with PCO. 

Protocol. All procedures were carried out with the 
women under general anesthesia. Premedications, ad- 
ministered parenterally 1 hour prior to induction of 
anesthesia, consisted of a relatively uniform combina- 
tion of parasympatholytic (atropine sulfate, 0.4 to 0.65 
mg), sedative-hypnotic (diazepam, 5 to 10 mg), and 
narcotic analgesic (morphine sulfate, 5 to 12 mg) 
agents. Induction was accomplished with thiopental 
sodium (2 to 5 mg/kg) and succinylcholine chloride (50 
to 100 mg). After endotracheal intubation, anesthesia 
was maintained with N,O/O. mixtures with (4/8) or 
without (4/8) halothane (0.5 to 1.5%). Muscle relaxa- 
tion was maintained when needed with succinylcholine 
chloride and tubocurarine chloride. Anesthesia was 
terminated by the discontinuation of the inhalation 
mixture. Both the anesthetic and: the surgical proce- 
dures were uncomplicated. 

Samples of blood (5 ml) were taken at 15-minute 
intervals for 4 to 8 hours through a three-way 


stopcock attached to an indwelling venous catheter, 
which was placed into a large forearm or antecubital 
vein kept open with an ongoing infusion of normal 
saline solution. 
Analytical methods. Serum luteinizing hormone 
(LH), follicle-sttmulating hormone (FSH), PRL, GH, 
and TSH were measured by radioimmunoassay (RIA) 
as previously described. Grouped perioperative 


data (patients 1-4 and 5-8, respectively) were expressed 


in terms of the mean (+SE) hormone concentrations. 
In addition, hormone levels throughout the periop- 


‘ erative period were summed transversely in an attempt 


to approximate overall hormonal secretory activity. 
The data have been centered around the time of in- 
duction of anesthesia. Extubation served to mark the 
termination of the procedure. Although the anesthetic 
and surgical time intervals were not identical, in no case 
did this interval exceed 10 minutes at either end of the 
procedure. Consequently, no attempt has been made to 
separate the effects of anesthesia from those of the 
surgical procedure per se. Statistical analysis consisted 
of the Studenz’s t test or the two-factor analysis of vari- 
ance (ANOVA), as indicated. 


Results 


Basal hormone concentrations. Basal concentrations 
(mean + SE) of five pituitary hormones are depicted in 
Table II. Baseline levels of hormone represent the 
mean of three to 15 determinations made prior to the 
administration of the premedication complex. The 
mean basal concentration of LH was significantly 
higher in the PCO group than in the women with 
normal cycles (p< 0.01). In contrast, no significant 
between-group differences could be detected for the 
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Fig. 1. Mean (+SE) perioperative concentrations of five pitu- 
itary hormones in four women with normal cycles who un- 
derwent a major surgical procedure. The data have been cen- 
tered around the time of induction of anesthesia (zero hour’. 
Basal hormone concentrations, depicted as bars (+SEM), rep- 
resent the mean of three to 15 determinations preceding ad- 
ministration of the premedication complex (Pre Med). *First 
point at which p < 0.05 as compared with mean basal level. 


basal mean levels of FSH, PRL, GH, and TSH. 

Preoperative interval. The preoperative interval was 
defined as the time period (60 minutes) between the 
administration of premedication and the onset of in- 
duction of anesthesia. The mean (+SE) preoperative 
concentrations of five pituitary hormones in the wom- 
en with normal cycles and in those with PCO are de- 
picted in Figs. 1 and 2, respectively. 

In women with normal cycles, the administration of 
premedication induced a progressive and significant 
increase (p < 0.05) in the overall release of PRL during 
the preoperative interval (as determined by transverse 
summation), with attainment of a preirduction peak 
level of 78 ng/ml. However, this peak value did not 
achieve statistical significance when compared with 
baseline, because of substantial fluctuation in indi- 
vidual values. TSH rose from a basal value of 1.7 + 0.2 
U/ml toa preinduction level of 2.4 + 0.5 wU/ml. The 
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Fig. 2. Mean (+SE) perioperative concentrations of pituitary 
hormonz2s in four women with polycystic ovary syndrome who 
underwent a minor surgical procedure. The data have been 
centerec around the time of induction of anesthesia (zero 
hour). Basal hormone concentrations, depicted as bars | 
(+SEM}, represent the mean of three to 15 determinations 
preceding administration of the premedication complex (Pre 
Med). *First point at which p < 0.05 as compared with mean 
basal lesel. 


latter value did not differ significantly from baseline 
values. Levels of GH and gonadotropins in the women 
with normal cycles were not significantly different from 


' baseline. Similarly, no significant alterations in the 


levels cf any pituitary hormone could be detected in 
the individuals with PCO. Between-group comparison 
of mean hormone levels revealed that the concentra- 
tions of PRL (but not of other hormones) changed sig- 
nificantly (p < 0.01) in the women with normal cycles, 
as compared to the women with PCO, during the pre- 
operative interval. 

Intraoperative interval. During the intraoperative 
period, there was a marked rise in PRL levels (p < 
0.05) in women with normal cycles. The increase in 
PRL concentrations was prompt, with a mean level of 
132 + 20 ng/ml attained 15 minutes after induction of 
anesthesia. The elevated PRL levels were maintained 


throughout the intraoperative period. GH increased 
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from a baseline level of 4+ 1 ng/ml to a high of 
27 + 14 ng/ml at 1 hour after induction of anesthesia. 
This increase was not significant because of marked 
individual variation. However, this temporary eleva- 
tion was promptly followed by an intraoperative de- 
cline to levels comparable to baseline values. The mean 
TSH level was significantly increased (p < 0.05), reach- 
ing a peak of 4.3 + 0.5 wU/ml (p < 0.05) 45 minutes 
after induction of anesthesia. This peak was followed 
by a gradual decline during the second intraoperative 
hour. By the conclusion of the surgical procedure, 
TSH concentrations had fallen to 2.6 + 0.4 U/ml (not 
significant). No significant alterations in circulating 
concentrations of gonadotropins could be detected. 

In PCO subjects this period was marked by sig- 
nificant increments in the mean concentrations of PRL 
and GH (p < 0.05). A significant (p < 0.05) increase in 
PRL levels was observed by 15 minutes after induction 
of anesthesia, at which time a value of 50 + 8 ng/ml 
had been reached. High PRL levels were maintained 
throughout the intraoperative interval. A significant 
(p < 0.05) increase in the concentration of GH to 
14 + 3 ng/ml was observed 45 minutes after induction 
of anesthesia. No significant alterations in levels of LH, 
FSH, and TSH could be discerned, although it ap- 
peared that TSH levels were rising during this period 
(Fig. 2). 

When the two groups were compared during the 
first hour after induction of anesthesia, serum PRL and 
TSH levels were noticed to be significantly increased 
(p < 0.01) in the women with normal cycles as com- 
pared with PCO subjects. No significant differences 
were observed for the other hormones. 

Postoperative interval. The postoperative interval 
was defined as the time period (90 minutes) after the 
termination of anesthesia. During this period a pro- 
gressive fall in PRL levels was observed in both groups. 
By the conclusion of the sampling period, PRL levels 
were not significantly elevated in comparison to basal 
levels. In contrast, GH levels reached their peak in both 
groups during this period, regardless of the length of 
the operative procedure. At the conclusion of sam- 
pling, GH levels were not significantly elevated as com- 
pared with baseline, although variation among subjects 
was great. No significant differences from baseline 


could be detected in the levels of gonadotropins or 
TSH. 


Comment 


In this comprehensive study of the effects of acute 
surgical stress on circulating concentrations of pituitary 
hormones in women, we have observed no change in 
gonadotropin levels (Figs. 1 and 2). However, we did 
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detect a small but significant (p < 0.05) increase in cir- 
culating TSH levels in women with normal cycles who 
underwent a major surgical procedure. We also noticed 
more profound increments in both PRL and GH levels, 
which differed in their time course. The numerous 
variables in such studies of the perioperative period 
preclude our distinguishing the relative contributions 
of the various drugs from the stress of the procedure 
itself. ee 

The lack of any changes in gonadotropin levels that 
we report is consistent with previous studies in female 
subjects.” ‘ In contrast, a significant intraoperative 
increase in LH in male subjects was previously ob- 
served.” 7! 22 However, this apparent sex difference 
remains unexplained. The absence of any significant 


alteration in gonadotropin levels in our subjects ap- 


pears to conflict with the findings in animal studies in 
which acutely administered sedative-hypnotics,* opi- 
ates,24 and parasympatholytic?® agents abolished the 
preovulatory surge of gonadotropins in the rat. Fur- 
thermore, morphine has been found to reduce LH 
levels in the intact male*® or castrate female’rat.*? How- 
ever, the drug dosages employed in those animal studies 
far exceeded the dosages used during the perioperative 
period in human beings. Additionally, the rodents were 
not subjected to a simultaneous surgical procedure. 
This study provides detailed evidence of an increase 
in circulating TSH levels during surgical procedures. 
This finding cannot be attributed to normal circadian 
variation, since the intraoperative increase of 150% in 
the women with normal cycles substantially exceeded 


‘the reported maximal diurnal swing of approximately 


50%.*5 Furthermore, the increase in TSH levels which 
we Observed occurred over a time interval (0800 to 
1100 hours) during which TSH was still declining in 
normal subjects.?8 . l 

An intraoperative increase in TSH levels has also 
been observed recently by Adami and associates,!! who 
measured TSH ina single sample obtained 30 minutes 
after induction of anesthesia. A similar tendency, al- 
though not statistically significant, was also noticed by 
Charters and associates.° However, other investigators 
were unable to detect any intraoperative alterations in 
concentrations of TSH.® 8&1% 12 13 These observations, 
along with the absence of change in the levels of TSH 
in subjects with PCO who were undergoing a minor 
surgical procedure, would suggest that an increased 
release of TSH is by no means an invariable in- 
traoperative phenomenon, and thai it may be related to 
the degree of surgical stress. 

This increzse in TSH may be linked to the recently 
reported intraoperative increments in the concentra- 
tions of both free thyroxine (T,) and free tritodothy- | 
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ronine (T3).® 11 1? Although the reasons that underlie 
this augmentation of thyroidal activity remain unclear, 
a decrease in the binding capacity of thyroid hormone? 
and a direct stress-induced adrenergic stimulation of 
the thyroid gland have been implicated.** *° However, 
our finding of a relative intraoperative increase in TSH 
secretion may provide an alternative explanation. 
The increases in both PRL and GH levels that were 
observed in this study confirm and extend the findings 
of previous investigations. => > © Elevations in PRL 
were observed prior to or immediately after induction 
of anesthesia. In contrast, concentrations of GH did 
not increase significantly until later in the intraopera- 
tive period, or not until the postoperative period. Fur- 
thermore, PRL, but not GH, levels Increased much 
more in those individuals who were undergoing a 
major surgical procedure, rather than a minor one. 


The increases in PRL and GH are compatible with 
the effects observed after the administration of opioid 


REFERENCES 


l. Glick, S. M. , Roth, J., and Yalow, R. S.; The regulation of 
growth hormone secretion, Recent Prog. Horm. Res. 
21:241, 1965. 

2. Noel, G. L., Suh, H. K., Stone, G., and Frantz, A. G.: 
Human prolactin and growth hormone release during 
surgery and other conditions of stress, J. Clin. En- 

. docrinol. Metab. 35:840, 1972. 

3. Frantz, A. G., Kleinberg, D. L:, and Noel, G.L.: Studies 
on prolactin in man, Recent Prog. Horm. Res. 28:527, 
1972. 

4. Berson, S., and Yalow, R. S.: Radioimmunoassay of 
ACTH in plasma, J. Clin. Invest. 47:2725, 1968. 

5. Newsome, H. H., and Rose, J. C.: The response of human 
adrenocorticotr ophic hormone and growth hormone to 
surgical stress, J. Clin. Endocrinol. Metab. 33:481, 1971. 

6. Charters, A. C., Odell, W. D., and Thompson, J. C.: An- 
terior pituitary function during surgical stress and con- 
valescence. Radioimmunoassay measurement of blood, 
TSH, LH, FSH and growth hormone, J. Ctin. Endocrinol. 
Metab. 29: 63, 1969. 

7, Aono, T., Kurachi, K., Miyata, M., Nakasima, A., Koshi ` 
yama, K. “Uomi. T., and Matsumoto; K.: Influence of 
surgical stress under general anesthesia on serum go- 
nadotropin levels in male and female patients, `J. Clin. 
Endocrinol. Metab. 42:144, 1976. 

8. Kirby, R., Clark, F., and Johnston, I. D. A.: The effect of 
surgical operation of moderate severity on thyroid func- 
tion, Clin. Endocrinol. (Oxf.} 2:89, 1973. 

9. Bermudez, F., Surks, M. I., and Oppenheimer, J. H: 
High incidence of decreased serum triiodothyronine con- 
centration in patients with nonthyroidal disease, J. Clin. 
Endocrinol. Metab. 41:27, 1974. 

10, Sowers, J. R., Raj, R. P., Hershman, J. M., Carlson, H. E., 

and McCallum, R. W.: The effect of stressful diagnostic 

studies and surgery on anterior pituitary hormone re- 

lease in man, Acta Endocrinol. (Copenh.) 86:25, 1977. 

11. Adami, H. O., Johansson, H., Thoren, L., Wide, L., and 

Akerstrom, G: Serum levels of TSH, Th, Frs, T and 

T3-resin uptake in surgical trauma, Acta Endocrinol. 

(Copenh.) 88:482, 1978. 


Impact of surgical stress on pituitary function 613 


compcunds to animals?! ° and human beings.** 4 Al- 
though parasympatholytic agents do not appear to af- 
fect GH levels in male rats, the administration of 
cholinergic agonists stimulates the release of GH.” The 
role of cholinergic drugs in the control of PRL release 
has not been fully clarified.*® 37 

Together, these data provide evidence for marked 
changes in the secretion of pituitary hormones during 
surgical procedures. Whether this pattern of response 
is unique to acute surgical stress or is more generalized 
remains to be determined. The effects of each of the 
various agents used during such procedures will need 
to be elucidated, as well, in future studies. . 


Materials for the radioimmunoassay of LH, FSH, 
PRL, GH, and TSH were kindly provided by the Na- 
tional Institute of Arthritis, Metabolism and Digestive 
Diseases, National Institutes of Health, Bethesda, 
Maryland. The assistance of Ms. Del Austin in the typ- 
ing of this manuscup! is | greatly appreciated. 





12. Chen, V., Wang, C., and Yeung, R. T. T.: Pituitary- 
thyroid responses.to surgical stress, Acta Endocrinol. 
(Copenh. 88:490, 1978. 

13. Keklet, Ha Klauber, P. V., and Weeke, J.: Thyrotropin, 
free and total triiodothyronine and thyroxine in serum 
during surgery, Clin. Endocrinol. (Oxf.) 10:131, 1979. 

14. Nores, R. W., Hertig, A. T., and Rock, J. Dating the 
endometrial biopsy, Fertil. Steril. 1:3, 1950. 

15. Yer. S. S. C., Chaney, Č., and Judd, H. L.: Functional 
aberrations of the hypothalamic-pituitary system, in 
polycystic ovary syndrome: A'consideration of the patho- 
genesis, in James, V. H. T., Serio, M., and Giusti, G., 
editors: The Endocrine Function of the Human Ovary, 
London, 1976, Academic Press, p. 373. 

16. Yer., S. S. C., Llerena, O., Little, B., and Pearson, O. H.: 

Disappearance rates of endogenous luteinizing hormone 
anc. chorionic gonadotropin in man, J. Clin. Endocrinol. 
Mezab. 28: 1763, 1970. 

17. ae S. S. C;, Llerena, L. A., Pearson, O. H., and Littel, 
A. . Disappearance rates of endogenous follicle-stimu- 
a ag hormone in serum following surgical hypophysec- 
tomy in man, J. Clin. Endocrinol. Metab. 30:325, 1970. 

18. Yen, S. S. C., Samaan, N., and Pearson, O. H.: Growth 
hormone levels in pregnancy, J. Clin. Endocrinol. Metab. 
27:1341, 1967. 

19. Ehara, Y., Siler, T. M. , VandenBerg, G., Sinha, Y.N., and 
Yen, S. S. C.: Circulating prolactin levels during the 
menstrual cycle: Episodic release and diurnal variation, 
Am. J. OBSTET. GYNECOL. 117:962, 1973. 

20. Rakoff, J., VandenBerg, G., Sider, T. M., and Yen, 
S. S. C: An integrated direct functional, test of the 
adenohypophysis, AM. J. OBSTET. GYNECOL. '119:358, 
1974. 

21. Aono, T., Kurachi, K., Mizutani, S., Hankey 4 
Uozumi, T Nakasima, A., Koshiyama, K., and Matsu- 
moto, K.: Influence of major surgical stress on plasma 
levels of testosterone, luteinizing hormones and follicle- 
stclulating hormone in male patients, J. Clin. Endocrinol. 
Metab. 35:535, 1972., 

22. Wang, C., Chan, V., ‘and Yeung, R. T.: Effect of surgical 


614 Adashi et al. 


23. 
24. 


25, 


26. 


27. 


28. 


29, 


stress on pituitary-testicular function, Clin. Endocrinol. 
(Oxf.) 9:255, 1978. 

Everett, J. W., and Sawyer, C. H.: A 24 hour periodicity in 
the “LH-releasé apparatus” of female rats, disclosed by 
barbiturate sedation, Endocrinology 47:198, 1950, 
Barraclough, C.’A., and Sawyer, C. H.: Inhibition of the 
release of pituitary ovulatory hormone in the rat by mor- 
phine, Endocrinology 57:329, 1955. 

Sawyer, C. H., Markee, J. E., and Townsend, B. F.: 
Cholinergic and adrenergic components in the neu- 
rohumoral control of the release of LH in the rabbit, 
Endocrinology 44:18, 1949. ` 

Bruni, J. F.,.VanVugt, D., Marshall, S., and Meites, J.: 


Effects of naloxone, morphine and methionine enkepha- — 


lin on serum prolactin, luteinizing hormone, follicle 
stimulating hormone, thyroid stimulating hormone’and 
growth hormone, Life Sci. 21:461, 1977. 

Zimmerman, E., and Pang, C. N.: Acute effects of opiate 
administration on pituitary gonadotropin and prolactin 
release, in Ford, D., and Clouet, D. H., editors: The Re- 
sponses to Addictive Drugs, New York, 1976, Spectrum 
Publications, Inc. 

Weeke, J.: Circadian variation of the serum thyrotropin 
level in normal subjects, Scand. J. Clin. Lab. Invest. 
31:337, 1973. 


Melander, A., Erickson, L. E., Ljunggren, J.- aG; Norberg, 


K.-A., Persson, B. , Sundler, F. , Tibblin, S., and Westgran, 


Us Sympathetic: innervation of the normal human thy- 


roid, J. Clin. Endocrinol. Metab. 39:713, 1974. 


30. 


31. 


Des 


33. 


34. 


35. 


36. 


I 


Novemker 15, 1980 
Am. J. Obstet. Gynecol. 


Halter, J. B., Pflug, A. E., and Porte, D., Jr: Mechanism 
of plasma catecholamine increases during surgical stress _ 
in man, J. Clin. Endocrinol. Metab. 45:936, 1977. l 
Cusan, L., Dupònt, A., Kledzik, G. §., Labrie, F., Coy, 
D. H., and Schally, A. V.: Potent prolactin and growth 
hormone releasing activity of more analogues of met- 
enkephalin, Nature 268:544, 1977. 

Rivier, C., Vale, W., Ling, N., Brown, M., and Guillemin, 
R.: Stimulation i in-vivo of the secretion of prolactin and 
growth hormone by 8-endorphin, Endocrinology 100: 


. 238, 1977. 


Tolis, G., Hickey, J., and Guyda, H.: Effects of morphine ` 
on serum growth hormone, cortisol, prolactina and thy- 
roid stimulating hormone in man, J. Clin. Endocrinol. 
Metab. 41:797, 1975. 

Tolis, G., Dent, R., and Guyda, H.: Opiate. prolactin, 
and the dopamine receptor, J. Clin. Endocrinol. Metab. 
47:200, 1978. 

Bruni, J. F., and Meites, J.: Effects of cholinergic drugs 
on growth hormone release, Life Sci. 23:1351, 1978. 
Libertun, C., and McCann, S. M.: Blockade of the release 
of gonadotropins and prolactin by subcutaneous or in- 
traventricular injection of atropine in male rats, Endocri- 
nology 92:1714, 1973. 

Grandison, L., and Meites, J.: Evidence for adrenergic 
médiation of cholinergic inhibition of prolactin release, 
Endocrinology 99:775, 1975. 


Sonar cephalometry in twin pregnancy: Discordancy 
of the biparietal diameter after 28 weeks’ gestation 


KENNETH J. LEVENO, M.D. 


RIGOBERTO SANTOS-RAMOS, M.D. 


JOHANN H: DUENHOELTER, M.D. 
JOAN S. REISCH, Pu.D. 
PEGGY J. WHALLEY, M.D. 


Dallas, Texas 


Sonar measured biparietal diameter (BPD) differences of twin pairs were examined in 123 twin 


- pregnancies at or beyond 28 weeks’ gestation. Among 117 liveborn sets, the risk of a twin infant 


being small for gestational age was threefold greater when paired BPD differences were 5 mm or 
more compared to 4 mm or less. The incidence of fetal death increased from 2. 7% for twin pairs 
with 0 to 6 mm BPD differences to 20% when the difference was 7 mm or more. Sonar 
cephalometry may be helpful in the antepartum evaluation of twin pregnancies, although detection 
of BPD discordancy does not preclude normal twin outcome. (AM. J. OBSTET. GYNECOL. 


138:615, 1980.) 


DETECTION of fetal jeopardy in singleton pregnancy 
has been the focus of extensive investigation by means 
of a variety of endocrine, electronic, and ultrasonic 
techniques. Although the twin fetus is comparatively in 
greater danger,’ antepartum tests in use for singletons 
have yielded confusing results in the presence of two 
fetuses. Previous studies with sonar cephalometry in 
twin gestations have encouragingly indicated that the 
discovery of large twin pair biparietal diameter (BPD) 
differences may improve ascertainment of fetal jeo- 
pardy.?-® We investigated 123 twin gestations that un- 
derwent.353 sonar examinations to determine the risk 
of fetal growth retardation and fetal death in relation 
to twin pair BPD differences observed within 4 weeks 
of delivery. Additionally, this article reports the fre- 
quency distribution of paired twin BPD differences, 
the relationship of these differences to birth-weight 
dissimilarity, and the incidence of BPD discordancy 
during three periods of twin gestation. 
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Materia! and methods 


Between January 1, 1972, and December 31, 1977, 
294 women with twin gestations underwent sono- 
graphic examination in the Ultrasound Laboratory of 
the Department of Obstetrics and Gynecology at The 
University of Texas Southwestern Medical School. The 
method of sonar twin cephalometry has been described 
previously.’ For this study of BPD discordancy among 
twin fetuses, 123 women, hospitalized for most of the 
third trimester on the Parkland Memorial Hospital 
High-Risk Pregnancy Unit, were selected. Although 
some of the pregnancies studied were included in a 
previous report,’ the present study population differs 
significantly because of different selection criteria. 

The selection criteria used in this study are as fol- 
lows: (1) A ‘minimum of one sonar examination was 
made at or beyond 28 weeks’ gestation and within 4 
weeks of delivery. (2) Both fetuses were alive during 
cephalometry. (3) Separate BPD measurements were 
obtained during at. least one sonar examination. (4) 
Gesta-ional age based upon menstrual history was in 


_ accordance with sonographic estimates. 


A total of 353 sonar examinations was performed o on 
the pregnancies selected. Maximum differences in 
BPD between fetuses of each twin set measured during 
the 4 weeks prior to delivery were grouped according 
to their magnitude into four categories: 0 to 2mm, 3 to 
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Table I. Frequency distribution of BPD differences 
within sets of 123 twin gestations 


BPD difference (mm) Number of gestations Percent 


0-2 56 45.5 
3-4 31 25.2 

5-6 21 17.1 

=7 15 12.2 

Total 123 100.0 


Table II. Grouped twin pair birth- -weight differences 
in relation to BPD differences 






Birth-weight No.. of Mean BPD Range of BPD 
difference* (%) | pairs (%) differences (mm) | differences (mm) 
0-5 31 (26.5) a.l l 0-11 
6-10 33 (28.2) 2.7 0.7 
11-15 31 (26.5) 3.1. 0.7 
16-20 12 (10.3) 4.3 0-14 
21-25 4 (3.4) 6.2 2-7 
> 25 6 (5.1) &.2 0-16 


*Using larger infant as 100% and including only liveborn 
pairs. 


Table III. Risk of fetal growth retardation in 
relation to grouped BPD differences 


No. of 
pregnancies 









No. of twin pairs with 


BPD difference (mm) ane SGA infant* (%) 


0-2 55- 3 (5.5) ` 
3-4 30 3 (10) 
5-6 20 5 (25) 
=7 12 2 (16.7) 





* Among liveborn twin pairs when one infant of a pair was 
small for gestational age. 


4 mm, 5 to 6 mm, and 7 mm or greater. For each 
liveborn twin pair, the percentage difference in birth 
weight was calculated, with the larger twin used as 
100%. A neonate was classified as small for gestational 
age (SGA) if its birth weight was more than one stan- 
dard deviation below the mean for twins reported by 
Hendricks.*® | 

Statistical analysis of data was performed using chi- 
square contingency table analysis or Fisher’s exact 
probability test. — 


Results 


The 123 women whose pregnancies are described in 
this report were predominantly black (63%); 22% were 
white; and 15% were of Hispanic origin. The mean 
gestational age at delivery was 36.9 weeks, with a range 
of 29 to 41 weeks. Varying degrees of maternal hy- 
pertension complicated 54 of the pregnancies studied. 

The infant pairs delivered were of different sex in 31 
instances, and APPO NIMRIEI 18% of liveborn twins 
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were small for gestational age. Of these, both members 
of a twin pair were SGA in 15 pregnancies, whereas 
only one member of a pair was SGA in 13. 

In Table I, the frequency distribution of BPD differ- 
ences within twin sets is grouped into four categories. 
The BPDs of twin pairs were within 4 mm of each other 
in approximately 71% of cases. Greater degrees of BPD 
difference were infrequent, with only 12% demonstrat- 
ing 7 mm or more dissimilarity. Grouping of twin pair 
birth-weight di®ferences into six categories (Table II) 
of increasing magnitude revealed that the incidence of 
a particular birth-weight difference did not change 
until weight variation of a twin pair exceeded 15%. 
Similarly, the mean BPD difference observed for each 
birth-weight category did not increase until pairs dif- 
fered by more than 15%. Thus, 95 (77%) twin pairs 
had birth weights within 15% of each other and a mean 
BPD difference of less than 4 mm. In contrast, the 
mean BPD difference observed for twin pairs with 
more than 15% birth-weight differences increased 
progressively from 4.3 mm to 8.2 mm. When the inci- 
dence of paired birth-weight differences exceeding 
15% was examined in relation to grouped BPD differ- 
ences, the incidence increased progressively and be- 
came statistically ‘significant when BPD differences 
were 5 mm cr more, compared to 4 mm or less 
(x? = 7.00, p < 0.01), that is, only 11 (13%) of 85 twin 
pairs with BPD differences 4 mm or less had >15% 
birth-weight differences compared to 11 (35%) of 32 
pairs for whom BPD differences were 5 mm or more. 
Although the trend of these data suggests a correlation 
between sonar measured head-size differences and 
birth-weight differences, the range of variation of the 
mean BPD difference shown in Table II is so great that 
prediction of body-size differences in an individual 
twin pair is imprecise. 

The number of twin pairs in which one of the infants 
was growth retarded increased as biparietal differences 
increased (Table 111). When the BPD difference was 5 
mm or more, compared to 4mm or less, the number of 
pairs with one SGA infant increased significantly from 
7.1% to 21.7% (x? = 5.17, p < 0.05). There was no cor- 
relation between BPD differences and delivery of twin 
pairs when dota infants were SGA. 

Three neonates died of complications of prematurity 
and one neonate died of dysplastic kidney disease. 
There were seven fetal deaths, two of which occurred 


_in one pregnancy. The pregnancies complicated by 


fetal death are summarized in Table IV. When twin 


- pairs were grouped according to their maximum BPD 


difference in the third trimester, as shown in Table V, 
the risk that a twin pregnancy would be complicated by 


fetal death increased as sonar measured biparietal dif- 
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Table IV. Case summaries of fetal deaths 














i Sonar cephalometry in twin pregnancy 617 









Sex/Presentation 
Maximum BPD Pregnancy Fetal age Fetal membrane 
Case No. ` (mm) difference complications at death (wk) description 
l 3 Previous stillbirth 2,830 (2,700) 39 Diamnionic 
Female Female ) Monochorionic 
Cephalic Breech 
2 13 Pregnancy-induced 2,863 {1,389} 36 Diamnionic 
hypertension Male Male Monochorionic 
Cephalic Breech 
3 0 None £2,375) (2,500) 40 Diamnionic 
Female Female Monochorionic 
4 17 Pregnancy-induced 1,875 (905) 35 Diamnionic 
and essential Male Male Dichorionic 
hypertension Cephalic Cephalic 
5 7 None (1,100) 2,330 33 Diamnionic 
Female Female Dichorionic 
Cephalic Transverse 
6 6 Hydramnios 1,890 (1,240) 35 Diamnionic 
Male Male Monochorionic 
Cephalic Breech 


( ) = Fetal death. 


ferences increased. In pregnancies with 7 mm or more 
~ BPD difference, the risk of fetal death was approxi- 
mately 20% compared to a 2% to 5% rate with lesser 
degrees of BPD difference. The difference between 7 
mm BPD dissimilarity and lesser degrees was statisti- 
cally significant (Fisher’s exact probability,.0.024). 

When the incidence of biparietal differences exceed- 
ing 4 mm was analyzed during three periods of gesta- 
tion (Table VI), differences of this magnitude in- 
creased significantly as gestation advanced (x? = 9.99, 
p < 0.01), There were two pregnancies with more than 
4 mm difference while less than 24 weeks’ gestation. In 
one case the BPD difference was 5 mm at 20 weeks’ 
gestation, and in the other it was 6 mm, also at 20 
weeks. In both cases these BPD differences were not 
found during subsequent serial cephalometry. The 
case with a 6-mm BPD difference resulted in abruptio 
placentae at 33 weeks’ gestation, with the infants weigh- 
ing 1,900 and 1,605 grams. Delivery of the pregnancy 
with a 5-mm BPD difference at 20 weeks’ gestation was 
at 39 weeks, and the infants weighed 2,497 and 2,128 
grams. The smaller infant died of renal failure, and 
dysplastic kidneys were found at autopsy. 


Comment 


Several reports have confirmed that twin birth- 
weights after 30 weeks’ gestation are less than those of 
singletons of the same gestational age.*~!! Other inves- 
tigators have found SGA infants to be prevalent among 
twins’* and, in two reports, have found higher mor- 
tality rates for these infants.® ' Accelerated postnatal 
growth,” coupled with the low birth weight of twin 


Table V. Antepartum death of twin fetuses among 
pairs with varying BPD differences 
Pregnancies 


No. of 
BPD difference (mm) with fetal death ( %) 


0-2 56 1 (1.7) 
3-4 31 1. (3.2) 
5-6 2] 1 (4.7) 
>7 15 3 (20.0) 
Total 123 6 (24) 


Table VI. BPD discordancy within sets of twins in 
three periods of gestation 







No. of twin pairs with a 
BPD difference of £5 mm 


<24 wk 29 2 (7.0%) 
24-28 wk 48 6 (12.5%) 
>28 wk 123 36 (29.3%) 


infants, suggests in utero malnutrition, probably a re- 
sult of limited maternal! potential to nurture multiple 
fetuses.'® 

Although it is clear that twin infants are undergrown 
at birth in comparison to singletons, it is also apparent 
that some twin siblings are unequally nourished during 
gestation and that the smaller infant has a poorer 
prognosis. This is borne out by the observation that, in 
twin gestations complicated by stillbirth, it is commonly 
the smaller infant who succumbed. During the post- 
natal period, the smaller of discordant twins has been 
reported to suffer retarded growth and devel- 
opment,'’~*° as well as an increased incidence of hypo- 
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glycemia.*! ‘These findings have been attributed to 
asymmetrical intrauterine nutrition. Similarly, Naeye” 
linked antenatal malnutrition to ‘his findings cf re- 
duced organ cytoplasmic mass in discordant donor 
twins affected by the placental transfusion syndrome. 

Most simplisticaily, unequal growth in twins, with the 
larger twin used as an internal standard, could serve to 
identify fetal jeopardy in a twin gestation. Unfortu- 
nately, clinical evaluation of twin fetal size, or co-twin 
size differences, is seldom accurate because physical 
examination by palpation of the twin pregnancy is very 
difficult. Previous reports have indicated that use of 
serial sonar cephalometry to detect BPD discordancy 
may be helpful in the identification of pregnancies 
destined to suffer fetal growth retardation or fetal 
death.*~® Biparietal diameter differences of 6 mm. or 
more were generally indicative of a poor fetal outcome. 
Our results statistically substantiate these findings. 

The great majority (71%) of twin pairs were within 4 
mm of each other after 28 weeks’ gestation, a differ- 
ence that was not associated with any adverse outcome. 
When BPD differences exceeded 4 mm, correlations 
were found to birth-weight differences of a pair ex- 
ceeding 15% and growth retardaticn in one member of 
the pair. Importantly, the incidence of fetal death in- 
creased significantly when BPD differences were 7 mm 
or more. Although twin pairs with BPD differences of 
5 mm or more were statistically separated from those 
with 4 mm or less, only 20% to 30% of twin pairs with 
this degree of BPD discordancy were found to have 
significant birth-weight differences, growth retardation 
of one fetus, or fetal death. This implies a significant 
false positive rate if BPD difference is uséd as the sole 
method of detecting fetal jeopardy in twin gestations. 
For example, although 15 gestations demonstrated 
BPD differences of 7 mm or more in the third trimes- 
ter, only three were complicated by fetal death. There- 
fore, 80% of the twin pregnancies with large BPD dif- 
ferences did not suffer a fetal death. 

There are two likely explanations for the failure of 
sonar cephalometry to more accurately predict, sig- 
nificant twin pair size differences. ‘First, twin presenta- 
tions are often unstable, thus preventing reliable BPD 
measurement of at least one fetus. Because of this 
difficulty, many pregnancies were excluded from our 
study, since the sonographer was not certain that reli- 
able BPD measurements had been obtained for each 
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fetus. The second explanation is based on the widely 
recognized poor correlation between the biparietal di- 
ameter and birth-weight. Measurement of the fetal ab- 
dominal circumference in addition to the BPD may be 
a helpful adjunct in detection of twin birth-weight dis- 
cordancy. This is currently under investigation. 

An interestirg observation was the increased inci- 
dence of BPD discordancy as the gestation advanced. 
BPD differences of 5 mm or more were more frequent . 
in pregnancies examined after 28 weeks’ gestation, as 
compared to pregnancies studied before 24 weeks. 
Other investigators have found tapering of twin fetal 
growth late in pregnancy,®"" and our finding of more 
frequent BPD dissimilarity in late twin pregnancy is 
further evidence that the third trimester of twin gesta- 
tion is a critical period in'the growth of twin fetuses. 

Consideraticn must be given to the possibility that 
discordancy. in early: pregnancy has a different prog- 
nosis than when it develops in the third trimester. BPD 
discordancy was noted at 25 weeks’ gestation in one 
case with subsequent fetal death and may indicate that 
discordancy early in, gestation is ominous. A second 
similar case managed after the completion of this study 
supports this observation. However, our data do not 
permit accurate appraisal of fetal risk according to 
when in gestation discordancy was present, since only 
29 patients underwent cephalometry before 24 weeks’ _ 
gestation. In this.group, there were two instances of 
significant: BFD discordancy,. and the outcome was 
poor in both pregnancies but not clearly related to dis- 
cordancy in either case. The latter is especially true 
since both cases were not found to have BPD discor- 
dancy during subsequent cephalometry. This finding 
was probably due.to technical difficulties encountered 
in measuring twin BPDs rather than a resolution of 
disparate growth as gestation advanced. 

In summary, we believe that serial sonar cephalo- 
metry is an important method of evaluating fetal prog- 
nosis in twin pregnancies. Large BPD differences ofa 
twin.pair provide a clue that the pregnancy is at risk for 
fetal growth retardation and fetal death. The clinician 
must keep in mind that BPD discordancy is a less than 
ideal predictor of outcome, since accuracy is poor. As a 
result of our hndings, we have been prompted to con- 
sider early intervention when there are large BPD dif- 
ferences, but to undertake such intervention cautiously 
and only when fetal pulmonary maturity is established. 





REFERENCES 


l. Naeye,-R. L., and Tafari, N., Judge, D., and Marboe, 
C. C; Twins: Causes of perinatal. death in 12 United 


States cities and ‘one African city, AM. J. OBSTET. 
GYNECOL. 131:269, 1978. 


2. Dorros, G.: The prenatal diagnosis of intrauterine growth - 


Volume 138 
Number 6 


10. 


11. 


retardation in one fetus of a twin gestation, Obstet. 
Gynecol. 48:46s, 1976. 


. Scheer, K.: Ultrasound in twin gestation, J. Clin. Ul- 


trasound 2:197, 1975. 


- Houlton, M. C. C.: Divergent biparietal diameter growth 


rates in twin pregnancies, Obstet. Gynecol. 49:543, 1977, 


. Divers, W. A., Jr., and Hemsell, D. L.: The use of ul- 


trasound in multiple gestations, Obstet. Gynecol. 53:500, 
1979. 


. Haney, A. F., Crenshaw, M. C., Jr., and Dempsey, P. J.: 


Significance of biparietal diameter differences between 
twins, Obstet. Gynecol. 51:609, 1978. 


. Leveno, K. J., Santos-Ramos, R., Duenhoelter, J. H., 


Reisch, J. S., and Whalley, P. J.’ Sonar cephalometry in 


twins: A table of biparietal diameters for normal twin 


fetuses and a'‘comparison with singletons, Am. J. OBSTET. 
GYNECOL. 135:727, 1979., 


. Hendricks, C. H.: Twinning in relation to birth weight 


mortality, and congenital anomalies, Obstet. Gynecol. 
27:47, 1966. 


. Naeye, R. L., Benirschke, K., Hagstrom, J. W.C., and 


Marcus, C. C.: Intrauterine growth of twins as estimated 
from liveborn birth-weight data, Pediatrics 37:409, 1966. 
Wilson, R. S.: Twins: Measures of birth size at different 
gestational ages, Ann. Hum. Biol. 1:57, 1974. 
Daw, E., and Walker, J.: Growth differences in twin 
pregnancy, Br. J. Clin. Pract. 29:150, 1975. -. 


Iz: 


14. 


15. 


17. 


18. 
19. 
20. 
21. 
22. 


_ Sonar cephalometry in twin pregnancy 619 


Ho, S. K, and Wu, P. Y. K.: Perinatal factors and 
neonatal morbidity in twin pregnancy, AM. J. OBSTET. 
GYNECOL. 122:979, 1975. 

Jeftrey, R. L., Bowes, W. A., Jr., and Delaney, J. J: Role | 
of bed rest in twin gestations, Obstet. Gynecol. 43:822, 
1974. 

Powers, W. F.: Twin pregnancy: Complications and 
treatment, Obstet. Gynecol. 42:795, 1973. 

Neeye, R. L.: The fetal and neonatal development of 


‘twins, Pediatrics 33:546, 1964. 
16.. 


McKeown, T., and Record, R. G: Observations of foetal 
growth in multiple pregnancy in man, J. Endocrinol. 
8:386, 1952. 

Babson, S. G., and Phillips, D. S: Growth and develop- 
ment of twins dissimilar in size at birth, N. Engl. J. Med. 
289:937, 1973. 

Churchill; J. A: The relationship ponien intelligence 
and birth weight in twins, Neurology 4:341, 1965. 

Scarr, S.: Effects of birth weight on later intelligence, Soc. 
Bool. 16:249, 1969. 

Wulerman, L., and Churchill, J. A.: Intelligence and birth 
weight in identical twins, Child Dev. 38:623, 1967. 
Reisner, S. H., Forbes, A. E., and Cornblath, M.: The 
smaller of twins and hypoglycemia, Lancet 1:524, 1965. 
Naeye, R. L.: Organ abnormalities in a human parabiotic 
syndrome, Am. J. Pathol. 46:829, 1965. 


The use of thyrotropin-releasing hormone in 
distinguishing prolactin-secreting pituitary adenoma 


RICHARD P. MARRS, M.D.* 
SUSAN J. BERTOLLI, M.D. 
OSCAR A. KLETZKY, M.D. 


Los Angeles, California 


In order to differentiate between a prolactin-secreting adenoma and a nonneoplastic etiology for 
galactorrhea, a single stimulatory dose of 500 ug of thyrotropin-releasing hormone (TRH) was 
employed to assess the prolactin (PRL) response of 50.women. The results were compared to 
those obtained in 19 control subjects (10 with subsequent surgical removal of a PRL-secreting 
adenoma and nine women stimulated in the early follicular phase). All patienis were grouped 
according to normal or elevated serum PRL, and normal, equivocal, or abnormal findings by 
tomography of the sella turcica. Patients with a normal baseline PRL had a rormal PRL response to 
TRH of at least 200% above baseline. This normal response was independent of findings by 
tomography of the sella turcica. A highly significant difference in response (p < 0.001) was 
illustrated by all patients with elevated PRL and abnormal tomograms, and ir some patients with 
elevated PRL and normal or equivocal tomograms. These responses were identical to those of the 
contro! patients who had histolcgic evidence of a PRL-secreting adenoma. The findings indicate that: . 
a PRL-secreting adenoma in patients with galactorrhea can be identified on the basis of the PRL 
response to TRH stimulation. (AM. J. OBSTET. GYNECOL. 138:620, 1980.) 


VARIOUS STIMULATORY as well as inhibitory tests of 
the hypothalamic pituitary axis have been purported to 
delineate whether patients wich galactorrhea have a 
neoplastic cause for it. The results of these tests (L- 
dopa, chlorpromazine, gonadotropin-releasing hor- 
mone) have been reported to be variable and, therefore, 
cannot be predictive.® Although the administration of 
thyrotropin-releasing hormone (TRH) may be ben- 
eficial in identifying prolacun-secreting pituitary ade- 
noma,’ ? the findings have not been consistent.’ Be- 
cause of the availability of TRH and the minimum side 
effects found with the use of it, a prospective analysis of 
TRH stimulation in patients with galactorrhea was un- 
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dertaken. In order to qualify the prolactin (PRL) re- 
sponse to TRH stimulation as either normal or abnor- 
mal, two separate control groups were investigated. In 
normally cycling women, TRH stimulation was per- 
formed in the early follicular phase of the cycle, and a 
95% confidence interval for a normal PRL response 
was generated. TRH stimulation was also performed in 
patients with presumptive evidence of a PRL-secreting 
adenoma. Transsphenoidal exploration was subse- 


. quently performed in the latter group of patients, and 


all were found to have a PRL-secreting pituitary ade- 
noma. With these two groups of controls, a prospective 
study was undertaken to determine the efficacy of TRH 
stimulation in identifying PRL secreting adenomas. 


Material and methods 


Sixty-nine subjects participated in this study. Of 
these, 50 patients, ages 18 to 36 years, with zalactor- 
rhea and normal or abnormal menses were divided 
into groups on the basis of hypocycloidal tomography 
of the sella turcica and baseline serum PRL levels 
(Table I). The other 19 subjects comprised two groups 
of controls: nine normally cycling women were tested 
in ‘the early follicular phase of their menstrual cycle 
and were used as a representative population for a 
normal test response; and 10 women with abnormal 
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Table I. Clinical and laboratory findings in patients with galactorrhea 


Hypocycloidal tomography 


No. of patients PRL 

11 Normal Normal 
9 Normal Elevated 
4 Equivocal Normal 
9 Equivocal Elevated 
8 Abnormal Normal 
9 Abnormal Elevated 
g* l — Normal 

10+ Abnormal Flevated 


*Early follicular phase controls. 
+Controls with surgically proved adenoma. 


sella tomograms and elevated PRL were stimulated 
with TRH. Because subsequent surgical exploration in 
these patients revealed a PRL-secreting pitustary ade- 
noma, the preoperative TRH tests were used as a rep- 
resentative pattern of PRL response for pees har- 
boring an adenoma. 

All study subjects (50) and controls (19) had a single 
TRH stimulation test. A No. 21 gauge butterfly needle 
was inserted into an arm vein and kept open with a 


heparin solution. A baseline sample of blood. was ob- . 


tained prior to injection of a single intravenous bolus of 
500 ug of TRH. Thereafter, samples of blood were 
obtained at 20, 30, and 60 minutes. Plasma was sepa- 
rated by centrifugation and stored at —20° C, until 
assayed. Plasma levels of PRL and TSH were mea- 
sured by previously reported radioimmunoassay pro- 
cedures.® ° Baseline estrogen values were determined 
for all patients.* PRL response was calculated as a per- 
centage change from baseline as well as the area under 
the curve.!° The Mann-Whitney “U” test was used for 
significance."! 


Results 


Controls. The nine cycling women had a normal 
baseline plasma PRL value (6.5 to 12.8 ng/ml) and a 
normal plasma thyroid-stimulating-hormone (TSH) 
(0.9-2.6 U/ml). After injection of TRH, there was an 
initial significant increase in PRL at 20 minutes (26 to 
150 ng/ml, 95% confidence limit) and in TSH (8 to 45 
U/ml, 95% confidence limit) at 30 minutes, declining 
thereafter (Fig. 1). On the basis of these results, the 
95% confidence interval was determined as a percent- 
age change from baseline. The confidence limits 
ranged from 200 to 1,500%. In contrast, patients who 
were proved to have adenoma and an elevated baseline 
plasma PRL (55 to 1,800 ng/ml) and a normal baseline 
TSH had no significant PRL response to TRH adminis- 
tration (Fig. 1). The TSH response was similar to that 
seen in the early follicular-phase. 
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Patients. Twenty-three patients with normal baseline 
PRL (<20 ng/ml) and normal, equivocal, or abnormal 
findings by tomography had a normal PRL response to 
TRH stimulation (Fig. 2). Release of TSH was normal 
in all but one patient. This patient had an elevated 
baseline TSH (5.7 wU/ml) and an exaggerated re- 
sponse (68 U/ml) to the administration of TRH, indi- 
cative of hypothyroidism. 

Twenty-seven patients with elevated baseline prolac- 
tin (21 to 397 mg/ml) had a variable PRL response to 
TRH stimulation (Fig. 3). Among the eight patients 
with normal sella tomograms and elevated baseline 
prolac-in (21 to 260 ng/ml), five had a normal PRL 
response to TRH. The other three patients had no PRL 
respor:se, and thus were similar to the patients with 
proved adenoma. Baseline PRL levels in the three non- 
resporders were 45, 176, and 260 ng/ml. TSH re- 
sponse in these patients was normal. 

Among the nine patients who had equivocal tomo- 
grams and elevated PRL baseline (22 to 176 ng/ml), 
two hed a normal PRL response to TRH (Fig. 3). The 
other seven patients had an abnormal PRL response to 
TRH stimulation. Three patients had a blunted re- 
sponse (<200% increase) whereas four had a flat re- 
sponse similar to that seen in patients with adenomas. 
PRL taselines in these seven patients ranged from 29 
to 176 ng/ml. TSH response was normal in all patients, 
with tne exception of one who had an elevated base- 
line TSH of 12.0 U/ml. This patient had an exag- 
gerated TSH response (103.2 wU/ml) consistent with 
hypotayroidism. | 

All nine patients with abnormal sella tomograms had 
elevated baseline PRLs ranging from 31.2 to 402 ng/ml 
and a flat PRL response similar to that of patients with 
proved adenoma (Fig. 3). TSH response was normal in 
this group of patients. 

When the responses in all patients were compared to 
those in the normal controls, as to percentage change 
from baseline, a delineation of normal and abnormal 
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FOLLICULAR PHASE PROVEN ADENOMAS 





| 
. Q 2030 


60 Q 2030 60 
MINUTES 


Fig. 1. Plasma PRL concentration after TRH stimulation in 
early follicular phase subjects and patients with proved 
adenoma. 


responses in the various groups was evident (Fig. 4). If 
a 200% change from baseline was not obtained; the 
response was considered to be abnormal. Moreover, 
similar results were obtained when PRL response was 
calculated as total area under the curve (Figs. 5 and 6). 
Those patients with a normal PRL baseline had a net 
increase similar. to that in nermal controls and sig- 
nificantly different from that in patients with proved 
adenoma (P < 0.001) (Fig. 5). | 

If the patients with elevated baseline PRL responded 
to TRH, the net increase was similar to that of normal 
controls. Those patients with a blunted response had a 
net PRL increase similar to that of patients with proved 


adenoma. The net PRL increase in nonresponders was . 


significantly different from that in normal control sub- 
jects (P < 0.001) (Fig. 6). The patients who had a nor- 
mal PRL response to TRH had a mean baseline estro- 
gen of 122.7 + 18.1 pg/ml, whereas the patients who 
showed no PRL response after TRH stimulation had a 
mean baseline estrogen of 82.1 + 18.7 pg/ml. This dif- 
ference was not statistically significant. 


Comment 


The findings in this study demonstrated that the re- 
sponse of prolactin to the administration of TRH may 
be a sensitive indicator of pituitary responsiveness in 
the pa cscineg or absence of a PRL- -secreting pituitary 
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adeno In previous reports, it was stated that pa- - 
tients with a PRL-secreting pituitary adenoma may 
have lost their ability to respond to the administration 
of TRH, whereas L-dopa or bromocriptine maintained 
their inhibitory effect.’ » This is demonstrated by the 
group of patients with a histologically proved adenoma 
who were.used as controls in this study. Patients with an 
elevated baseline prolactin and abnormal findings by 
tomogram had a similar blunted PRL response to 
TRH, which strongly suggested that those patients had 
a PRL-secreting pituitary adenoma. In fact, two of 
these -patients subsequently underwent transsphenoi- 
dal sella exploration and were found to have a PRL- 
secreting pituitary adenoma. 

Interpretaticn of an equivocal tomogram fresents a 
special problem. It may represent a normal variation or 
a very early change due to the presence of a microade- 
noma. On the basis of the findings in this study, it 
seems possible to differentiate patients with an equivo- 
cal tomogram who may have a tumor (blunted PRL 
response) from those who may have a sella turcica 
within the limits of normality (normal PRL response). 
Furthermore, patients with normal tomograms and 
elevated baseline PRL may also have ari abnormal PRL 
response to TRH. The TRH test may be a more sensi- 
tive early indicator of a pituitary adenoma. It appears 
that dysfuncticn ‘of the lactotrophs may precede defi- 
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Fig. 3. Plasma PRL and TSH concentration after TRH stimu- 
lation in patients with elevated PRL baseline and normal, 
equivocal, or abnormal tomograms. 


nite radiographic changes. This is supported by the 
finding of three patients with blunted PRL responses 
and normal tomograms, as well as seven other patients 
with elevated PRL and equivocal tomograms. However, 
no definitive statement can be made without surgical 
exploration of the three patients with normal tomo- 
grams and the seven patients with equivocal tomo- 
grams. As previously reported, the TSH response to 
TRH is within normal range in most of these patients, 
with the exception of those with primary hypothyroid- 
ism who had an exaggerated response."? _ 

The TRH test seemed to be less meaningful in pa- 
tients with norma! baseline PRL, since the response to 


TRH stimulation was normal, irrespective of the’ 


findings by tomography. The normal PRL response to 
TRH in patients with abnormal tomograms and nor- 
mal baseline PRL is difficult to explain. In these pa- 
tients, the neuroradiologist was unable to differentiate 
between subarachnoid herniation, craniopharyngioma, 
and PRL-secreting pituitary microadenoma at the time 
of hypocycloidal tomography. In view of the fact that 
these patients had a normal PRL response to TRH 
stimulation, and a normal baseline PRL, it is likely that 
they did not have a PRL-secreting adenoma as the etio- 
logic factor for galactorrhea. 

Currently, this group of patients is being evaluated 
to determine the exact cause of the galactorrhea. Four 
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Fig. 4. PRL response in all subjects after TRH stimulation 
compared as percentage change from baseline. 


of these patients have undergone computerized axial 
tomography with metrizomide-contrast infusion. Three 
patients were found to have an empty sella, and the 
fourth patient had a craniopharyngioma. These find- 
ings arzin agreement with those of a‘recent report that 
dealt with the empty sella syndrome.” Currently, one 
other patient in this groupis being followed with a 
spontaneous intrauterine pregnancy. The other three 
patients are presently under investigation. 

Thece are controversial reports of PRL response to 
TRH administration in subjects with normal or low 
levels of serum estradiol." In addition, this study 
demorstrates that no pattern of menstrual abnormality 
could be correlated to the PRL response (Table 1). 
Moreover, that no difference was seen in mean estro- 
gen levels between the responders and nonresponders 
adds even more support to the fact that circulating es- 
trogen levels have little, if any, infiuence on PRL re- 
sponse to. TRH stimulation. i 

It was recently reported that patients with an ele- 
vated PRL and a normal cone view of the sella turcica 
are the only patients with galactorrhea who need 
hypocvcloidal tomography to rule out an abnormality 
of the sella turcica.'* This was suggested because seven 
of 87 patients were found to have an abnormal tomo- 
gram in the presence of a normal cone view and an 
elevated baseline PRL. On the basis of the findings in 
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- this study, it is i conceivable’ that with: the addition of.the 


TRH stimulation test it ‘will be possible to identify:t those . 


patients in whom sella tomography: is. necessary for a 
diagnosis. If this.is-correct, only patients with galactor-. . 
‘Thea’ and. an. elevated, baseline prolactin who-have an 


abnormal PRL response to TRH „may. benefit. from ; 


hypocycloidal tomography. on : a 

` The TRH testis simple and can-be ied as an E 
procedure: ‘By obtaining a baseline sample of, blood: 
‘before administration of TRH and: then a second sam- 
ple of blood 20 to 30 minutes later, one can easily calcu- 
late’a normal. PRE epang as,a pereniagi chánge `. 
; from baseline. ; 


A simple calculation. i is used to arene Ge per- ; 


'-cèntáğe change from baseline. The baseline value is 
subtracted from the value at 30 minutes, and the dif- 
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oe Fig. è. PRL résponse i in patients with’ elevated PRL baseline as 
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3 ference i 1S ines divided by the baselitie; which is multi- 


L plied. by 100. A normal _Tesponse . -of 200% 


~ 


_change | 


"would be interpreted, as. an increase, from a baseline 

PRL. of 10 ng/ml to a level of 30 ng/ml at 30 minutes. 
wa In other words, a. PRL response that triples the baseline 
value i is consideréd ‘to. be a normal response. 


At is possible that the TRH stirnulation test can’ be 


‘used to follow patients with elevated baseline PRL and 
‘an initial normal PRL response to TRH. As long as the: 
PRL response to, TRH is normal, repeat’ aci poe 


© Studies may not need to be performed. 


In conclusion, TRH seems to be:a useful clinical test 


for; the differentiation of PRL-secreting pituitary: ade- 


noma: in patients with | galactorrhea, and an elevated 


| baseline serum 1 PRL. 


Es 


S 





„e - 


REFERENCES et, to pig A a 


1. ‘Kletzky,'O. A.; Davajan, V., “Mishelt, D. R. fis Nicoloff, 
J. T., Mims, R. ‘March, C. M., and: Nakamura; R. M.: A> 


“sequential pituitary stimulation test in normal subjects 


and in patients with: amenorrhea-galactorrhea with pie f 


itary tumors, J- Clin. Endocrinol. Metab. 45:631, 1977... 


2. Kleinberg, D. L., Gordon, L. N., and Frantz, A. G.: Galac- 
© torrhea: A study of 235 cases, including 48 with pituitary: 


tumors, N. Engl. J. Med. 296:589, 1977. 
3. Tolis, Gi, Goldstein, M., 


Friesen, H. G. “Functional 


i evaluation Qi 7 PRLS secretion in patients with hypothalamic 
_ +. pituitary disorders, J: Clin, Invest. 52:783, 1973.. 0 
4... Tolis,G., Sonoma, M., Van Campenhout, J., and Friesen, 
. H. PRL secretion in 65 patients with galactorrhea, Am. J. 
OBSTET. GYNECOL: 118:91, 1974. >- 
5. Barbarino, A., DeMariuis, L., Maira. G., Menini, E. and 
' Anile, G.: Serum. PRL response to TRH and metoclo- 
pramiide in. patients with PRL-secreting tumors before 


` and ‘after transphenoidal surgery, J. Clin. Endocrinol. 


Metab. 47: 1148, 1978. 


a 


+ 


4 


Volume 138 
Number 6 


6. 


10. 


12. 


O B 


. Sokol, R 


Healy, D. L., Pepperell, R. J., Stockdale, J., Bremner, 
W. J., and Burger, H. G.: Pituitary autonomy in hyper- 
prolactinemic, secondary amenorrhea: Results of 
hypothalamic pituitary testing, J. Clin. Endocrinol. 
Metab. 44:809, 1977. 


. Boyd, A. E., Reichlin, S., Turksoy, R. N.: Galactorrhea 


amenorrhea syndrome: Diagnosis and therapy, Ann. In- 
tern. Med. 87:165, 1977. 


. Barberia, J. M., Abu-Fadil, S., Kletzky, O. A., Nakamura, 


R. M., and Mishell, D. R. M., Jr: Serum PRL patterns in 
early human gestation, AM. J. OBSTET. GyNECOL. 121: 
1107, 1975. : 


. Odell, W., Wilber, S., and Utiger, R. D.: Studies of thy- 


rotropin physiology by means of RIA, Recent Prog. 
Horm. Res. 23:47, 1967. 


Franklin, P.: Method of Advanced Calculus, New York, ` 


1944, McGraw-Hill Book Co., Inc., pp. 181-185. 

and Rohlf, F. H: Nonparumetric Methods, 
Biometry: The Principles and Practice of Statistics in Bio- 
logical Research, San Francisco, 1969, W. J. Freeman and 
Co., pp. 391. 


Keye, W. R., Ho Yuen, B., Knopf, R., and Jaffe, R. B: - 


Amenorrhea, hyperprolactinemia and pituitary enlarge- 
ment secondary to primary hypothyroidism, Obstet. 
Gynecol. 48:697, 1976. 


Haney, A. F., Kramer, R..S., Wieke, R. H., and Ham- 


mond, C. B.: Hypothalamic pituitary fur:ction and radio- 


14. 


15. 


16. 


wy 


18. 


Use of TRH to diagnose pituitary adenoma 625 


J 


graphic evaluation of women with hyperprolactinemia 
and an “empty” sella turcica, AM. J. OBSTET. GYNECOL. 
134:917, 1979. 

Remond, M., and Lemarchand-Berand, T.: Effects of 
estrogens on PRL and thyrotrophin responses to TRH in ` 
women during the menstrual cycle and under oral con- 
traceptive treatment, Clin. Endocrinol. (Oxf.) 5:429, 
1976. , 

Boyd, A. E., III, and Sanchez-Franco, F.: Changes in the . 
PRL responses to thyrotropin-releasing hormone (TRH) 
during the menstrual cycle in normal women, J. Clin. 
Endocrinol. Metab. 44:985, 1977. 

Sawin, C. T., Hershman, J. M., Boyd, A. E „ III, 
Longcope, C., and Bacharach, P.: The relationship of 
changes in serum estradiol and progesterone during the 
menstrual cycle to the thyrotropin and prolactin re- | 
sponses to TRH, J. Clin. Endocrinol. Metab. 47:1296, 
1978. 

Kletzky, O. A., Mishell, D. R., Jr., Davajan, V., Nicoloff, 
J.. Mims, R., and Nakamura, R. M.: Pituitary stimulation 
test in amenarrheic patients with normal or low serum 
estradio:, Acta Endocrinol. (Copenh.) 87:456, 1978. 
Marrs, R. P., Kletzky, O. A., Teal, J., Davajan, V., March, 
C. M., and Mishell, D. R., Jr: Comparison of serum pro- 
lactin, plain radiography and hypocycloidal tomography 
of the sella turcica patients with galactorrhea, AM. J. 
OBSTET. GYNECOL. 135:467, 1979. 


Hormone production during pregnancy in the 


primigravid patient 


II. Plasma levels of deoxycorticosterone throughout 
pregnancy of normal women and women who developed 


pregnancy-induced hypertension 
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The plasma concentration of deoxycorticosterone (DOC) was determined serially in a large group of 
primigravid women from 10 weeks’ gestation to term. The plasma level of DOC in women whose 
pregnancies were uncomplicated (n = 44) was 234 + 33 pg/m! (mean + SE), at 10 to 14 weeks’ 
gestation, a level two times that of nonpregnant subjects. The plasma level of DOC in these women 
rose to 778 + 65 pg/ml at 23 to 26 weeks’ gestation, and at term (39 to 42 ‘weeks) was 

1,309 + 155 pg/ml. The plasma levels of DOC in women {n = 31) who eventually developed 
pregnancy-induced hypertension (PIH) were similar to those in the women who remained normal at 
all stages of pregnancy. We also found that, in women with normal pregnanzies as well as. in. 
women destined to develop PIH, the plasma concentration of DOC fluctuated in a manner parallel to 
that of progesterone throughout gestation; however, changes in the plasma level of DOC did not 
mirror those of cortisol. These data suggest that excessive plasma levels of DOC are not 
necessarily associated with the development of PIH. These data also support the view that, in 
pregnant women, a fraction of circulating DOC may arise via extra-adrenal 21-hydroxylation of 
progesterone rather than through adrenal secretion. (Am. J. OBSTET. GYNECOL. 138:626, 1980.) 


THE PLASMA concentrations of a number of steroid 
hormones are increased strikingly during the course of 
human pregnancy. The origin, production rates, and 
metabolism of several steroid hormones in pregnant 
women have been established, but information con- 
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cerning the origin of deoxycorticosterone (DOC), a po- 
tent mineralocorticosteroid, is limited. Brown and as- 
sociates' found that the plasma levels of DOC were 
significantly higher in pregnant women near term than 
in nonpregnant women. Nolten and associates’ studied 
seven patients sequentially during pregnancy and 
found that piasma levels of DOC during the first 
trimester were increased 2.5-fold over the levels in 
nonpregnant women. They also found that the levels 
of DOC increased further during gestation with the 
levels attained during the third trimester of pregnancy 
being sixfold greater than those in nonpregnant sub- 
jects. In view of this increase, it is surprising that most 
women are atle to maintain a normal salt and water 
balance as well as blood pressure during the latter 
stages of pregnancy. 

The reported increases in the plasma concentrations 
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Table I. Profile of primigravid subjects 


Group 


Patient category _ No. of subjects age* 
Normotensive 44 
Pregnancy-induced 

hypertension i 3I 


*Years of age at delivery, mean + SD. 


of DOC during pregnancy make it seem reasonable to 
ascertain whether an alteration(s) in DOC metabolism 
might in some manner be related to the development 
of pregnancy-induced hypertension (PIH). Whereas 
data are available on the levels of DOC in the plasma of 
women after the development of hypertension, plasma 
concentrations of DOC prior to the development of 
symptoms are undocumented. It has been proposed 
that, in women who develop PIH, the development of 
hypertension and associated symptoms may be related 
to an excessive production of mineralocorticosteroids.? 
However, Brown and associates’ found that the plasma 
levels of DOC in seven women with PIH during the 


latter stages of the third trimester did not differ from ' 


those of normotensive women during the third trimes- 
ter. Contrasting results were obtained by Weir and as- 
sociates,* who reported that plasma concentrations of 
DOC in women with hypertension and proteinuria 
during the third trimester were significantly lower than 
those of normotensive pregnant women. However, the 
values in both of these studies were obtained in women 
only after the development of hypertension. 

The present investigation was undertaken to define 
more fully the changes in plasma levels of DOC 
throughout normal primigravid pregnancy. A second 
objective was to ascertain whether alterations in the 
production of DOC, as reflected by its level in plasma, 
might precede the development of PIH in primigravid 
women. Finally, since plasma levels of DOC respond 
poorly to ACTH stimulation or.dexamethasone sup- 


pression in pregnant women during the third trimes- : 


ter, > 3 and since we have found that circulating pro- 
gesterone is metabolized to DOC in human beings,® * 
we also sought to ascertain whether plasma levels of 
DOC parallel those of progesterone during pregnancy 
in primigravid women. 


Material and methods 


Subjects. Volunteers for this study were chosen from 
the outpatient clinic population of the Department of 
Obstetrics and Gynecology of Parkland Memorial 
Hospital, Dallas, Texas. A large group of primigravid 
women were followed from as early as 10 weeks’ gesta- 


18.5 + 2.06 
18.1 + 3.63 


Hormone procuction during pregnancy in primigravid patient. li 627 


Ethnic origin 


12 29 3 


Latin American 


6 99 3 


\ 


tion through term. Samples of blood were obtained at 
approximately biweekly intervals while the patients 
were resting in the lateral recumbent position. None of 
the primigravid women included in this study had a 
prior history of hypertension or diabetes. Samples of 
plasma obtained from 44 women whose pregnancies 
remained normal (total number of samples of plas- 
ma = 380) and from 31 women who developed PIH 
(total number of samples of plasma = 265) were cho- 
sen fer analysis. The diagnosis of PIH and the rating of 
the severity of the disease were made independently by 
four obstetricians who reviewed the records of each 
patient retrospectively, without knowledge of hor- 
monal findings. The severity of PIH was defined as 
follows: mild PIH = an increase of 20 mm Hg in dia- 
stolic blood pressure over the level at midpregnancy 
and at least a 90 mm Hg diastolic blood pressure on two 
occasions 6 hours apart; moderate PIH = persistent 
diastolic blood pressure of more than 100 mm Hg; se- 
vere PIH = persistent diastolic blood pressure of more 
than 110 mm Hg in the presence or absence of albu- 
minuria, cr an onset of hypertension before the thirty- 
fourth gestational week. There were 20 women with 
mild PIH, five women witn moderate PIH, and six 
women with severe PIH. The age and race of these 
subjects are listed in Table I. 

Measurement of plasma concentration of DOC. For 
the measurement of DOC, plasma samples were mixed 
with 1,000 cpm of [1,2-3H(N)|deoxycorticosterone, 
46.8 Ci/mmol, and extracted with 10 volumes of 
diethyl ether. The organic phase was removed and 
evaporated, and the residue was chromatographed on 
celite-ethvlene glycol (1:0.75, w/v) columns. The col- 
umrs were eluted sequentially with 5 ml each of isooc- 
tane and isooctane:ethyl acetate (100:7.5, v/v). The 
last 4 ml of the elute, after the second solvent system . 
was applied, contained DOC, which was assayed by ra- 
dioimmunoassay. The antiserum? used in the assay of 
DOC was generously supplied by Dr. C. E. Gomez- 
Sanchez. The cross reaction of the antiserum with the 
following steroids was less than 1%: cortisol, pregnenol- 
one 17a-hydroxyprogesterone, 1 1-dehydrocorticoste- 
rone, corticosterone, testosterone, 18-hydroxy-DOC, 
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Fig. 1. Plasma concentrations of deoxycorticosterone (DOC) 
during uncomplicated pregnancies, as measured by radioim- 
munoassay in 44 women whose blood was sampled at approx- 
imately 2-week intervals. The data are shown for 4-week in- 
tervals and are presented as the mean + standard error of the 
mean. The number of women for whom plasma DOC was 
determined in each sampling period is shown in parentheses 
in each vertical bar, The concentration of DOC in a pool of 
plasma derived from men and nonpregnant women is also 
depicted. 


tetrahydro-DOC, and 17a-hydroxypregnenolone. The 
antiserum cross reacted slightly with 17,21-dihydroxy- 
4-pregnen-3,20-dione (3.3%) and 21- hydroxypregne- 
nolone (3%). The only compound which cross reacted 
significantly with the antiserum, other than DOC 
(100%), was progesterone (50%), which was completely 
separated from DOC during column chromatographic 
isolation of DOC from the plasma extracts. 

The radioimmunoassay of DOC was conducted as 
follows: The column fraction containing DOC was 


evaporated and reconstituted in 0.1M phosphate buf- | 


fer, pH 7.0, containing 0.1% gelatin (assay buffer). 
DOC standards, in concentrations ranging from 3 to 
400 pg/0.4 ml, were prepared similarly in assay buffer. 
Standards and unknowns (the equivalent of 25% of the 
plasma extract) were incubated in duplicate with an- 
tiserum (diluted 1:5,000 in assay buffer) and 5,900 
cpm [?H]DOC. After an overnight incubation at 4° C, 
0.2 ml of dextran-coated charcoal suspension was add- 
ed. The tubes were mixed and incubated for 10 min- 
utes at 4° C, after which they were centrifuged at 2,000 
rpm for 10 minutes at 4° C. The supernatant fluid (con- 
taining antibody-bound steroid} was decanted and 
mixed, with liquid scintillation fluid, and radioactivity 
was assayed in a Packard TriCarb liquid scintillation 
spectrometer. The efficiency for tritium was 59%. The 
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Fig. 2. Plasma concentrations of deoxycorticosterone (DOC) 
during gestation in 31 women who developed pregnancy- 
induced hypertension. Measurements were made at approxi- 
mately 2-week intervals. The number of women in whom 
plasma DOC was determined in each study period is shown in 
parentheses. The data for this group are presented as the 
mean + standard error of the mean. The hatched area repre- 
sents the mean + ] standard deviation for DOC levels in the 


“women whose pregnancies remained normal, 


concentrations of DOC in unknown samples were 
computed through the use of a standard line and were 
corrected for procedural losses by the use of the inter- 
nal recovery tracer. The sensitivity of the assay was 6 
pg, and the least amount of DOC detectable in the 
assay method, assuming 100% recovery of DOC during 
extraction and chromatography, was 24 pg DOC per 
milliliter of plasma. To evaluate the accuracy of the 
method, known quantities of nonradiolabeled DOC 
(100, 200, 300, or 400 pg) were added in triplicate to 
1.0-ml aliquots of a plasma pool, containing 103 pg 
DOC per milliliter, which were then assayed for DOC 
as described above. The differences in concentrations 
of DOC between the plasma pool with no DOC added 
and those samples to which DOC was added were 99, 
197, 295, and 393 pg, respectively. Within-assay and 
between-assay variations for the DOC radioimmunoas- 
say procedure were 7% and 17%, respectively. Plasma 
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Fig. 3. Plasma levels of deoxycorticosterone (DOC), progester- 
one, and cortisol throughout gestation in women whose preg- 
nancy was normal. 


levels of progesterone and cortisol were also quantified 
in some selected samples by radioimmunoassay meth- 
ods described in detail elsewhere.* ° Each assay con- 
ducted in this study contained samples of plasma from 
subjects whose pregnancies remained normal and from 
those who developed PIH. 


Results | 

Plasma levels of DOC during normal primigravid 
pregnancy. The plasma levels of DOC throughout the 
gestational period in 44 primigravid women who had 
uncomplicated pregnancies are illustrated in Fig. 1. In 
these women, the plasma concentrations of DOC in- 


creased progressively throughout gestation. Near the — 


end of the first trimester (10 to 14 weeks), the plasma 
level of DOC was 234 + 33 pg/ml (mean + SE). By the 
end of the second trimester (23 to 26 weeks), the 
plasma level of DOC had risen to 778 + 65 pg/ml. At 
term, the mean plasma concentrations of DOC ranged 
from 1,292 + 96 pg/ml (35 to 38 weeks) to 1,309 + 155 
pg/ml (39 to 42 weeks), levels which are about twelve 
times that in pooled plasma from men and nonpreg- 
nant women (112 +.20 pg/ml, mean + SD). 

Plasma levels of DOC in primigravid women who 
developed PIH. The plasma concentrations of DOC 
throughout the gestational period in 31 primigravid 
women who developed PIH during the third trimester 
are illustrated in Fig. 2. As in the women whose preg- 
nancies remained normal, the plasma levels of DOC in 
women destined to develop PIH increased progres- 
sively throughout the gestational period. Near the end 
of the first trimester (10 to 14 weeks), the plasma level 
of DOC in these women was 346 + 34 pg/ml. By the 
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Fig. 4. Plasma levels of deoxycorticosterone (DOC), progester- 
one, and cortisol throughout gestation in a woman who devel- 
oped pregnancy-induced hypertension. 


end of the second trimester, the plasma level of DOC 
had risen to 547 + 56 pg/ml. Near term, at which time 
most of these women developed PIH, the plasma con- 
centrations of DOC ranged from 1,206 + 166 pg/ml 
(35 to 38 weeks) to 1,297 + 150 pg/ml (39 to 42 weeks). 
At no time. during their pregnancy, were the plasma 
concentrations of DOC in these women, as a group; 
significantly different from those of the primigravid 
women who remained normotensive (Fig: 2). More- 
over, -here was no apparent relationship between the 
eventual severity of PIH and the plasma levels of DOC 
during gestation. 

Relationship of plasma levels of DOC to plasma 


. levels .of progesterone and cortisol. DOC, progester- 


one, and cortisol in plasma were measured throughout 
gestation in one woman with a normal pregnancy and 
in one woman whose pregnancy was complicated by 
PIH. In both women, the plasma levels of DOC fluc- 
tuated in a manner remarkably similar to those of pro- 
gesterone but not of cortisol (Figs. 3 and 4). Indeed, 
plasma levels of DOC. and progesterone increased 
fivefold to sixfold throughout gestation in the woman 
who had an uncomplicated pregnancy (Fig. 3) and in 
the woman. who developed PIH (Fig. 4). However, in 
both women, cortisol levels increased only twofold dur- 
ing pregnancy. In other subjects studied (data not 
shown), a similar parallelism between DOC and proges- 
terone was observed, but neither progesterone nor 
DOC values corresponded to changes in plasma cor- 
tisol levels. This finding suggests that the source of the 
increased plasma concentrations of DOC during preg- 
nancy may be peripheral conversion of circulating pro- 
gesterone io DOC. 
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Comment 


The physiologic adaptations of pregnant women to 
the ever-changing hormonal milieu of pregnancy are 
remarkable. Perhaps the most striking adaptation is the 
capacity to maintain normal salt and water balance as 
well as blood pressure at a time when the production of 
mineralocorticosteroids, such as aldosterone and de- 
oxycorticosterone, is elevated greatly over that in the 
nonpregnant state, } > 4 5. 10-44, 17 Unfortunately, some 
women, especially primigravidas, for reasons not yet 
weli understood, develop salt and water retention, 
edema, and hypertension, i.e., pregnancy-induced hy- 
pertension. Although there is no convincing evidence 
at present to support the viewpoint that an excessive 


production or manifestation of mineralocorticoste-. 


roid(s) could be involved in the pathogenesis of PIH,® 
prior studies were performed only after the women 
had developed PIR ae | 

In the current investigation, measurements were 
made throughout gestation in a large group of primi- 
gravid women in order to ascertain. whether any de- 
rangement in the plasma levels of DOC could be de- 
tected either before or after the development of PIH: 


The results obtained'in the current study are in agree- 


ment with those of Brown and associates! and. Nolten 
and associates,” ĉ i.e, plasma concentrations of DOC in 


pregnant women are increased over those in nonpreg- - 


nant subjects. Values of plasma DOC were elevated as 
carly as 10 to 14 weeks’ gestation, the earliest time dur- 
ing pregnancy studied; thereafter, they rose progres- 
sively. throughout pregnancy, reaching about 1,300 
pg/ml during the last 8 weeks of gestation in women 
whose pregnancies remained normal. In agreement 
with Brown and associates,’ we found that the plasma 
levels of DOC in women who had developed PIH were 
similar to those in normotensive women during the 
third trimester. Brown and associates’ findings! are in 
contrast to those of Weir and associates,’ who reported 
that plasma levels of aldosterone and DOC'in women 
with hypertension and proteinuria.were one half the 
concentrations measured i in normal pregnant women, 
Since none of our six patients who developed severe 
hypertension was studied after the onset of symptoms, 
we are unable to corroborate or refute that finding -of 
Weir and associates.* The plasma levels of DOC i in both 
the normal and hypertensive subjects in the study of 
Weir and’ associates* were substantially lower than 
those found in the present study and reported by 


others. * > 1 The reason for this discrepancy is un- - 


clear. In contrast to the experimental design of the 
. studies previously cited’: * !4 that dealt with mineralo- 
corticosteroids and PIH, we were able to evaluate a 
large number of women prospectively. Women who 
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ultimately developed PIH had plasma levels of DOC 
that. were similar to those in women who remained 
normotensive Therefore, we conclude that the devel- 
opment of PIH in. these primigravidas was not singu- 
larly the result of excessive circulating levels of DOC. 
Such a conclusion does not preclude the possibility 
that tissue levels cf DOC, in the kidney, for instance, 
might not be excessive in such women. This possibility 
deserves some consideration for several reasons. It is 
clear from: the results of several, studies! > 5 u that, at 
least in the latter stages of pregnancy, the production 
of DOC is not influenced by ACTH in a manner similar 
to that in nonpregnant individuals.” This obtains since 
(a) DOC levels do not decline after the administration 
of dexamethzsone, whereas cortisol levels are. sup- 
pressed," 2 5 and (b) although the levels of DOC are 


‘responsive to stimulation by ACTH in nonpregnant 


subjects and in women during the first and second 
trimesters, they are only marginally stimulated by 
ACTH during the third trimester.” > “ In addition, we 
and others? have found that the temporal patterns of 
DOC. and cortisol are divergent throughout the course 
of gestation. In this regard, we found that the levels of 
DOC in normotensive women, as well as in those 
women destined to develop PIH, fluctuated in a man- 
ner which was remarkably similar to that of progester- 
one. In view of the fact that plasma levels of DOC cor- 
responded well to those of progesterone throughout 
gestation, and since we found previously that circulat- 


.ing progesterone could be metabolized to DOC in 


pregnant women as well as in nonpregnant subjects,® 7 
progesterone may be an. important source cf DOC in 
pregnancy, especially during the third trimester, when 
circulating levels of progesterone range from 100 to 
200 ng/ml in drimigravid subjects.’* If this is the case, 
then the somewhat confusing reports concerning 
dexamethasoreé suppression and ACTH stimulation of 
DOC during pregnancy may be explained more easily, 
This explanation of the origin of DOC is an alternative 
to the proposal that. maternal DOC may arise from the 
fetus.? The fetus may, indeed, synthesize substantial 
amounts of DOC, but on the basis of blood fow from 
the fetus to the placenta and the arteriovenous differ- 
ence in umbilical cord plasma levels of DOC,' the fetus 
cannot be a significant source of the DOC in the mater- 
nal circulation. At present, the information concerning 
the clearance of DOC-sulfate in the fetus’ by the 
placenta is insufficient for evaluation of this poten- 
tial source of entry of DOC into the maternal com- 
partment. 

If much of the DOC in plasma during the third 
trimester were to arise via 21- -hydroxylation of ci irculat- 
ing progesterone in the maternal compartment, and if 
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some of this conversion were to take place in the ma- 
ternal kidney,'® then excessive local tissue concentra- 
tions of DOC could occur in some women in whom this 
enzyme activity 1s great. If this were the case, no sig- 
nificant elevation in plasma levels of DOC would occur, 
although the effective physiologic concentrations in a 
receptive tissue site might be excessive. Thus, as sug- 
gested several years ago by Rabb and associates,” PIH 
may be related to increased production of mineralo- 
corticosteroid(s). However, the biosynthesis of such a 
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Prolactin modulation of dehydroepiandrosterone 


sulfate secretion 
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To clarify the controversy about the effect of prolactin (PRL) on dehydroepiandrosterone sulfate 
(DHEA-S), this study was undertaken to investigate the effects of alterations in plasma PRL on 
plasma DHEA-S concentrations in hyperprolactinemic women, as well as in normal male subjects. 
DHEA-S was measured in a group of 21 women with hyperprolactinemia, galactorrhea, and 
amenorrhea (PRL: 257 + 89 ng/ml; mean + SEM). in these women, mean plasma concentrations 
of DHEA-S (2.54 + 0.2 ng/ml) were significantly higher (p < 0.005) than those in 41 normal control 
women (1.78 + 0.1 g/m!) and those in a group of 11 amenorrheic patients (1.77 + 0.2 ug/ml). 
Eight women with hyperprolactinemia were given 5 mg of bromocriptine each day for 4 consecutive 
weeks. Within 1 week of medication, PRL levels fell by 60% (p < 0.05). To test whether lowering 
normal plasma levels of PRL would affect plasma concentrations of DHEA-S, five normal male 
subjects received a 48-hour infusion of dopamine at an average rate of 6 g/kg/min. Plasma levels 
of PRL fell by 60% (p < 0.01) after 8 hours of infusion, and DHEA-S decreased by 27% by 16 
hours (p < 0.05). These data suggest that PRL modulates the secretion of DHEA-S: an increase in 
plasma levels of PRL is correlated with elevated concentrations of DHEA-S, whereas a decrease in 
PRL is followed by a fall in DHEA-S. (Am. J. OBSTET. GYNECOL. 138:632, 1980.) 


SEVERAL investigators have presented data linking 
serum concentrations of prolactin (PRL) to adrenal 
production of C-19 steroids. This association is plausi- 
ble since there are known PRL receptor sites in the 
adrenal glands.*~* 

Dehydroepiandrosterone sulfate (DHEA-S) is quan- 
titatively the most important C-19 steroid produced by 
the adrenal glands. Elevated levels of plasma DHEA-S 
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have been found in women with hyperprolactinemia 
and amenorrhea, but not in women with amenorrhea 
alone.’ Giving sulpiride, 100 mg daily, to elevate 
PRL, Vermeulen and associates® observed increases in 
DHEA-S in two normal women. Similar results were 
obtained in postmenopausal women who were taking 
psychotropic drugs. Carter and associates? showed ele- 
vations in DHEA-S in women with amenorrhea and 
hyperprolactinemia which could be lowered by admin- 
istering bromocriptine. Maroulis and Sherman’ re- 
ported decreases in DHEA-S after operations for 
PRL-secreting pituitary tumors. Nevertheless, there, is 
evidence to the contrary, since other authors were un- 
able to find an association between PRL and DHEA-S. 
Parker and associates? and Metcalf and associates? 
could not show elevations in hyperprolactinemic pa- 
tients. Wiebe and Handwerger”® could not alter serum 
DHEA-S levels by administering chlorpromazine for 4 
hours in order to induce hyperprolactinemia. 

The elevations of DHEA-S in patients with hyper- 
prolactinemia are not thought to be the result of mea- 
sured levels of adrenocorticotropic hormone (ACTH) 
in the blood. Caufriez and associates’! have found that 
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patients with hyperprolactinemia have normal or de- 


creased levels of ACTH and normal levels of cortisol. _ 


The present study was undertaken to attempt clar- 


ification of the relationship between PRL and DHEA-S. - 


The aim of this study was to investigate: (1) whether 
elevations and decreases in PRL correlate with changes 
in serum DHEA-S, and (2) whether an acute decrease 
in PRL levels would be followed by falling serum 
concentrations of DHEA-S while secretion of ACTH 
would remain unchanged as suggested by unaltered 
plasma levels of cortisol. 


Material and methods 


Fighty-eight individuals participated in this study 
which had been approved by the institutional research 
committee after informed consent was obtained from 
each volunteer. The following groups of volunteers 
were investigated. Forty-one normal women of repro- 
ductive age who had regular menstrual cycles and 
normal plasma levels of PRL were included as control 
subjects in this study. Antecubital venous blood was 
drawn during the luteal phase between 8:00 A.M. and 
12:00 noon. Eleven women with amenorrhea but with- 
out galactorrhea, and 21 women with amenorrhea and 


galactorrhea were included in this study. The former | 


group of 11 women with amenorrhea had normal 


serum levels of luteinizing hormone (LH), follicle- 


stimulating hormone (FSH), and PRL and responded 
with uterine bleeding to the intramuscular administra- 
tion of progesterone, thus indicating normal estrogen 
status. This group of women, therefore, were consid- 
ered to have hypothalamic dysfunction. 

The group of 21 women with amenorrhea-galactor- 
rhea and hyperprolactinemia had normal or low serum 
levels of LH and FSH. Only three of these women had 
uterine bleeding after intramuscular progesterone. 
These three women and 11 others had normal 
polytomograms of the sella turcica (idiopathic hy- 
perprolactinemia), whereas the other seven had ab- 
normal x-ray films compatible with pituitary adenoma. 
All seven of these women had a normal response of 
cortisol to insulin-induced hypoglycemia. 

In order to investigate whether a lowering of ele- 
vated plasma PRL would reduce circulating DHEA-S, 
eight additional young females in the reproductive, age 
group with amenorrhea and hyperprolactinemia were 
treated with 5 mg of bromocriptine (2-bromo-a- 
ergocriptine mesylate) daily for 4 weeks. Samples of 
blood were obtained once a week during these 4 weeks. 

To study whether a diminution in normal plasma 
concentration of PRL would result in a reduction in 
circulating DHEA-S, five healthy men with normal 
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Fig. 1. Mean + SEM of serum concentrations of PRL and 
DHEA-S in normal, amenorrheic, and hyperprolactinemic 
women. 


plasma concentrations of PRL were given a 48-hour 
intravenous infusion of dopamine. The men were ad- 
mitted to the Clinical Research Center and kept under 
resting conditions for 24 hours both before and after 
the inzusion. The minimal dose of dopamine required 
to raise either the systolic blood pressure by 10 mm Hg 
or the heart rate by 15 bpm was administered to a given 
volun-eer. The doses of dopamine given averaged 6 
uwe/ke/min. Within 2 hours after completion of the in- 
fusior, the blood pressures and heart rates returned to 
normal. Venous blood was collected at 8-hour intervals. 

Pla: ma was stored at —20° C until it was analyzed for 
PRL,“ DHEA-S," and cortisol” by the radioimmuno- 
assay (RIA) procedures previously described. Cortisol 
was assayed only in samples obtained after infusion of 
dopamine. A rabbit antidehydroepiandrosterone-3- 
hemituccinyl-bovine serum albumin serum raised in 
our laboratory was similar to the antiserum described 


by Buster and Abraham." Our assay for DHEA-S gave 


results comparable to those found in the literature.4~® 1! 
In addition, measurement of DHEA-S by a procedure 
involving solvolysis, chromatography on Sephadex 
LH-20 columns, and gas-liquid chromatography/mass 
spectrometry in serum aliquots also subjected to direct 
RIA :ndicated that the DHEA-S fraction measured by 
our RIA was indeed DHEA-S. Androstenedione, an- 
drost-5-ene-3, 17-dione, and DHEA were found to cross 
react 21.2%, 65.5%, and 100%, respectively, with 
DHEA-S, whereas etiocholanolone and androsterone 
cross reacted less than 0.1%. Because of the 1,000-fold 
concentration difference between these unconjugated 
androgens present in nanograms per milliliter concen- 
trations and DHEA-S at micrograms per milliliter levels, 
stercids such as DHEA account for only 0.1% or less of 
the DHEA-S measured. Interassay and intra-assay co- 
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Fig. 2. Mean percentage changes (+SEM) in serum concen- 
trations of PRL and DHEA-S in eight hyperprolactinemic 
women in response to a daily dose of 5 mg of bromocriptine. 


efficients of variation for DHEA-S averaged 6.5% and 
10%, respectively. Student’s t test was used for statistical 
analysis. 


Results , 


The mean (+ SEM) plasma concentrations of DHEA-S 
found in the 41 control subjects (1.78 + 0.1 ug/ml) and 
in the 11 amenorrheic patients (1.77 + 0.2 ug/ml) did 
not differ from each other. The mean plasma levels 


of DHEA-S (2.54 + 0.2 pg/ml) and PRL (257 + 89 | 


ng/ml) measured in the 21 amenorrheic and hy- 
perprolactinemic women were significantly higher 
(p < 0.005) than both the DHEA-S and PRL concen- 
trations in the normal control women and the amenor- 
rheic women without galactorrhea (Fig. 1). 

Plasma levels of PRL fell, on the average, by 60% 
(p < 0.005) in response to bromocriptine within 1 week 
after initiation of therapy, whereas 3 weeks of bromo- 
criptine therapy was required before a 32% (p < 0.05) 
fall in plasma DHEA-S was achieved (Fig. 2). 

Plasma PRL levels fell by 60% (p< 0.01) from 
baseline levels within 8 hours after the start of the do- 
pamine infusion whereas plasma DHEA-S concentra- 
tions had decreased at 16 hours by only 27% 
(p < 0.05). At the end of the infusion of dopamine, 
plasma levels of PRL exhibited a rebound rise and 
achieved a mean increase to 155% of preinfusion 
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Fig. 3. Mean percantage changes (+SEM) in serum concen- 
trations of PRL, DHEA-S, and cortisol in five normal men 
during and after intravenous infusion of dopamine. 


baseline values. Plasma levels of DHEA-S did exhibit a 
rebound surge, but returned slowly to baselire values. 
Plasma levels of cortisol did not vary significantly either 
during or after infusion of dopamine and exhibited the 
usual diurnal variations (Fig. 3). 


Comment 


DHEA-S is quantitatively the most important adrenal 
C-19 steroid and is produced predominantly by the 
adrenal glands. Its metabolic clearance rate, estimated 
as 8 to 16 L/day,’® '’ is very low and is due, in part, to 
its binding to serum albumin. Circulating DHEA-S 
represents a relatively large pool of at least 3.5 mg’? 
and is not subject to diurnal fluctuations.’® ° Because 
DHEA-S has a long half life?® *! and is present as a 
large pool with a slow turnover, the adrenal glands 
must maintain increased secretion of it over several 
hours before the levels of it in peripheral plasma rise 
significantly. Nieschlag and associates'® found that, in 
six of eight men, plasma levels of DHEA-S increased 
1.3 to 2.5-fold over basal levels at the end of an 8-hour 
infusion of adrenocorticotropic hormone. For these 
reasons, it is difficult to elicit rapid changes in plasma 
levels of DHEA-S by stimulation or suppression of the 
adrenal glands. 

The foregoing data which reveal increased plasma 
concentrations of DHEA-S in correlation with hy- 
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perprolactinemia disagree with the findings of some 
authors® °? but are in agreement with the findings of 
most“ 7 whose reports state that hyperprolactinemia 
correlates with increased plasma DHEA-S. This study 
also confirms that patients with normoprolactinemic 
amenorrhea do not have elevated plasma levels of 
DHEA-S as reported by Bassi and associates.* More- 
over, this study has shown that a lowering and raising 
of plasma PRL levels correlate with a decrease and an 
increase, respectively, in plasma concentrations of 
DHEA-S. Our data document that not only a lowering 
of elevated plasma PRL levels but also a diminution in 
normal plasma concentrations of PRL correlate with a 
decrease in circulating DHEA-S. Although these data 
strongly suggest an effect of PRL on the secretion of 
DHEA-S, definitive proof of association is lacking. The 
theoretical possibility exists that bromocriptine or do- 
pamine may directly affect the secretion of DHEA-S in 
the patients studied. 

Carter and associates® administered ACTH as a 
4-hour intravenous infusion to hyperprolactinemic 
women and repeated this after PRL levels were nor- 
malized. These investigators found that ACTH-stimu- 
lated DHEA-S levels were not significantly different 
with high or with normal levels of PRL. Nevertheless, 
Kandeel and associates? administered ACTH once 
daily over a 4-day period and showed a greater incre- 
mental increase in DHEA-S in hyperprolactinemic pa- 
tients than in normal control subjects. 

As observed in our study with dopamine, levels of 
PRL had to be lowered for at least 16 hours before the 
first significant decline in the plasma concentration of 
DHEA-S was achieved. This was probably due to the 
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slow turnover of circulating DHEA-S. The long half- 
life of DHEA-S may explain why some investigators! — 
were not able to show an increase in plasma levels of 
DHEA-S after inducing hyperprolactinemia for only 4 
hours. The fact that several hours of infusion of ACTH 
are required before plasma levels of DHEA-S rise sig- 
nificantly explains the discrepancy between the data of 


Carter and associates® and Kandeel and associates.” 


Being unable to obtain and use a drug which achieves a 
sustaired hyperprolactinemia of 16 to 24 hours’ dura- 
tion, we were unable to examine whether the raising of 
normal PRL levels would result in increased plasma 
concertrations of DHEA-S. 

The finding that the adrenal glands contain PRL re- 
ceptors’ supports the hypothesis that PRL has a 
modukting effect on DHEA-S. The mechanism by 
which PRL affects the secretion of DHEA-S is un- 
knowr. In the study of Kandeel and associates,” hy- 
perprolactinemic women treated with ACTH had 
greater increases in circulating DHEA-S than in A* 
steroids, such as testosterone and cortisol. Those inves- 
tigators hypothesized that this might indicate that in 
hyper2rolactinemia there is a disturbance in the 3 
B-ol-d2hydrogenase enzyme system that favors the 
A*-steroids. Other A®-steroids have not been measured 
as yet, and more work is needed to elucidate this mech- 
anism. Perhaps PRL plays a functional role in modulat- 
ing the secretion of DHEA-S by affecting the 3 £- 
ol-del-ydrogenase enzyme. Our observation in this 
study that a 60% reduction in serum PRL achieved an 
approximate 30% decrease in serum DHEA-S is consis- 
tent with a modulating role. 
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Multipara 


Varicose veins become more severe in subsequent pregnancies and 
may reach the critical stage. Temporary valve incompetence, associated 
with each pregnancy, may lead to permanent lifetime vascular impair- 
ment in varicosities of the lower extremities. 


Venous Pressure Gradient Support 


Jobst has custom-engineered thousands of Venous Pres- 
sure Gradient Supports for pregnancy. Why custom-make 
each pantyhose-type support according to measurements 
taken of each individual limb? A few millimeters of counter- 
pressure, too much or too little,can harm already distended 
valves. AVIP™ pregnancy support applies known counter- 
pressure, opposing hydrostatic venous pressure like an ex- 
ternal fascial prosthesis. Fatigue and discomfort are re- 
lieved, and edema is reduced. 


Clinical Proof 


A VIP support, wom during the critical months of 
gestation, may prevent permanent damage to distended 
veins. Thompson reports,“We have preferred the Jobst 
stocking in our clinic. An elastic leotard produced by this 
company is particularly useful for varicose veins during 
pregnancy. Most patients are pleasantly surprised by the 
comforting support this garment gives.’’ 


Reprints and Monograph 


Do you want to receive a collection of clinical reprints 
on varicosities and a full-color, eight-page monograph and 
bibliography describing the physiological fluid dynamics of 
external elastic compression in pregnancy? Fill in the handy 
coupon or write on your letterhead. 
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RhoGAM 


Rh{D) Immune Globulin (Human) 


Indications: RhoGAM Rh, (D) Immune Globulin 
(Human) is used to prevent formation of active anti-Rh, (D) 
antibody in an Rh, (D) negative, D” negative individual 
into whose bloodstream Rh, (D) positive or D” positive 
blood has entered. Such an occurrence might result 

from full term or early termination of an Rh 
incompatible pregnancy, or from an Rh incompatible 
transfusion 

Dosage: One vial of RhoGAM will completely suppress 
immunity to 15 ml of Rh positive red blood cells (packed 
cells. not whole blood). In deciding the dose of RhoGAM 
which is to be administered to an individual, the volume 
of Rh positive blood which entered the person s 
bloodstream is to be determined, from which the dose 

of RhoGAM can be calculated. In the usual full-term 
delivery, a single dose (one vial) of RhoGAM will be 
adequate to suppress immunity to the Rh, (D) antigen 


However, in the case of a large feto-maternal hemorrhage 


or an Rh incompatible transfusion accident, more than 


one dose may be indicated 


Product Description: RhoGAM isa sterile 
concentrated solution of specific immunoglobulin (IgG) 
containing anti-Rh, (D) fractionated from carefully 
screened human plasma by a cold alcohol method 


Action: With an injection of passive Rh, (D) antibody 
(RhoGAM) to the postpartum mother, a postmiscarriage/ 
abortion woman, or to the recipient of a transfusion 
accident, the person's antibody response to the foreign 
Rh, (D) positive cells is suppressed 


Cautions: Reactions of Rh, (D) negative individuals 
given Rh, (D) Immune Globulin (Human) are infrequent 
of a mild nature and mostly confined to the area of 
injection. An occasional patient may react more strongly, 
both locally and generally. A slight elevation of 
temperature has been noted in a small number of 
postpartum women 

Fever, myalgia, lethargy, increased bilirubin levels and/or 
splenomegaly have been infrequently observed in 
individuals following a multi-dose regimen after Rh 


mismatched transfusions 





Systemic reactions are rare and sensitization due to 
repeated injections of immune globulins is unusual 
Immune Serum Globulin (Human) has not been 

reported to transmit hepatitis 

RhoGAM is to be given to the recipient in a transfusion 
accident or the postpartum mother or postmiscarriage 
woman, only. It must not be given to the infant 
Contraindications: Rh, (D) Immune Globulin (Human) 
should not be administered to 


1. An Rh, (D) positive or D" positive individual 
2. An Rh, (D) negative patient who has inadvertently 


received an Rh, (D) positive blood transfusion within 
three months of delivery 
3. A patient previously immunized to the Rh, (D) blood 


factor. 


Supplied: In vials containing a single dose of RhoGAM 
Store at 2° to 8°C. Do not freeze 


NOTE: For complete prescribing information, see 


direc tion cire ular 





Twenty thousand 








infants owe their 


00 and to to 


Since RhoGAM was first administered, over a 
decade ago, an estimated one hundred thousand 
sensitizations have been avoided, and twenty 
thousand fetal deaths from Rh hemolytic disease 
have been prevented! 





This outstanding achievement by the medical 
community is the direct result of the knowledge- 
able use of the proven prevention. 


While there is still room for improvement...the 
record to date deserves recognition. 


Asthe company that provides RhoGAM, 
and MICRhoGAM* Rh,{(D) Immune 
Globulin (Human), Micro-Dose, Ortho 
Diagnostics shares in your continuing 
commitment to the eradication of Rh 
hemolytic disease. 








lives to Rho GAM’ 


D) Immune Globulin (Human) 


you. 


We have acted on our commitment with 
products and services to spread knowledge and 
understanding of the need to protect. We have 
sponsored continuing research and education 
with international symposia, books, pamphlets 
and films. We have helped design a record- 
keeping system to improve utilization, and have 
provided support to the medical profession with 


the RhoGAM Protection Policy. 


We are doing all we can to help you help every 
patient at risk. There is still more to be done, 
and together we will find the way! 


RhoGAM...the proven product. 


lCenter for Disease Control: Rh Hemolytic Disease: Surveillance, 


August 1976, Revision, DHEW Publication No. (CDC) 75-8310, 
Atlanta, 1976 


ORTHO DIAGNOSTICS isc. 


Raritan, New Jersey 08869 


Proven highly effective for the 
treatment of serious infections* 


(> 


; 


>" 


a MS a | 


“Due to susceptible strains of indicated 
bacteria at indicated sites. 


Copyright © 1980 by Merck & Co.. Inc. Ali rights reserved. 





Now Indicated 
for prophylaxis 
to reduce the incidence 


of certain postoperative 
infections complicating 


e GI surgery’ ¢ Vaginal hysterectomy’ e Cesarean section’ 


Providing a broad spectrum— including Bacteroides fragilis 


In controlled clinical trials, MEFOXIN  (Cefoxitin Sodium, MSD) 
reduced the incidence of certain postoperative infections 


with use limited to a 24-hour period following the operative procedure. 


ylactic administration should usually be of the causative organisms so that appropriate 
hin 24 hours since continuing adminis- therapy may be instituted. 


“of adverse each ati | ig cael the possibility MEFOXIN (Cefoxitin Sodium, MSD) is contra- 
aye ae \\°) ) e E. í Š : we a : 
ye rare oe indicated in patients who have shown hypersensi- 
T *Perioperatively: Two grams administered intra- tivity to cefoxitin and the cephalosporin group of 
"~~ Venously or intramuscularly just prior to surgery antibiotics. Before therapy with MEFOAIN is 

= (approximately 4 to 1 hour before the initial instituted, careful inquiry should be made to deter- 
incision); then 2 grams every 6 hours for no more mine whether the patient has had previous hyper- 
than 24 hours. adsl i reactions to cefoxitin, cephalosporins, 
z 2 2 penicillins, or other drugs. This product should be 
#Cesarean-section patients: The first dose of 2 given with caution to peniciitin-senaitiee patients. 
rams is administered intravenously assoon as Antibiotics should be administered with caution to 
the umbilical cord is clamped. The second and any patient who has demonstrated some form of 
third doses should be given as 2 grams intra- allergy, particularly to drugs. If an allergic reaction 
venously or intramuscularly 4 hours and 8 hours to MÉFOXIN occurs, discontinue the drug. Serious 
after the first dose. Subsequent doses may be hypersensitivity reactions may require epineph- 
given every 6 hours for no more than 24 hours. rine and other emergency measures. Use of the 


For complete details on dosage and administra- drug in women of childbearing potential requires 
tion, see full prescribing information. th at the anticipated benefit be weighed 


t s l against the possible risks. 
If there are signs of infection, specimens for _ For a brief summary of prescribing information, 
culture should be obtained for the identification please see following page. 





Mefoxin ~, 
(Cefoxitin Sodium |MSD} 


Indications and Usage: Treatment- Serious infections caused by 
susceptible strains of the designated microorganisms in the following 
diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia 
and lung abscess, caused by Streptococcus pneumoniae (formerly 
Diplococcus pneumoniae), other streptococci (excluding enterococci, 
e.g., Strep. faecalis), Staphylococcus aureus (penicillinase and non- 
penicillinase producing), Escherichia coli, Klebsiella species, 
Hemophilus influenzae, and Bacteroides species. 

GENITOURINARY INFECTIONS. Urinary tract infections caused by 

E. coli, Klebsiella species, Proteus mirabilis, indole-positive Proteus 
(i.e., P morganii, P rettgeri, and P vulgaris), and Providencia species. 
Uncomplicated gonorrhea due to Neisseria gonorrhoeae. 
INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra- 
abdominal abscess, caused by E. coli, Klebsiella species, Bacteroides 
species including the B. fragilis group,+ and Clostridium species. 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellu- 
litis, and pelvic inflammatory disease, caused by E. coli, N. gonor- 
rhoeae, Bacteroides species including the B. fragilis group,+ 


Clostridium species, Peptococcus species, Peptostreptococcus species, 


and group B streptococci. 

SEPTICEMIA caused by Strep. pneumoniae (formerly D. pneu- 
moniae ), Staph. aureus (penicillinase and non-penicillinase 
producing), E. coli, Klebsiella species, and Bacteroides species 
including the B. fragilis group.+ 

BONE AND JOINT INFECTIONS caused by Staph. aureus (penicil- 
linase and non-penicillinase producing). 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus 
(penicillinase and non-penicillinase producing), Staph. epidermidis, 
streptococci (excluding enterococci, e.g., Strep. faecalis), E. coli, 

P mirabilis, Klebsiella species, Bacteroides species including the B. 
fragilis group,+ Clostridium species, Peptococcus species, and Pepto- 
streptococcus species. 

Although appropriate culture and susceptibility studies should be 
performed, therapy may be started while awaiting these results. Cefox- 
itin is not active in vitro against most strains of Pseudomonas aerugi- 
nosa and enterococci (e.g., Strep. faecalis) and many strains of 
Enterobacter cloacae. Methicillin-resistant staphylococci are almost 
uniformly resistant to cefoxitin. 

Prevention- Prophylactic use perioperatively (preoperatively, 
intraoperatively, and postoperatively) in surgical procedures (e.g., vagi- 
nal hysterectomy, gastrointestinal surgery) classified as contaminated 
or potentially contaminated or in patients in whom infection at the 
operative site would present a serious risk, e.g., prosthetic arthroplasty; 
intraoperatively (after umbilical cord is clamped) and postoperatively in 
cesarean section. 

MEFOXIN usually should be given 12 to 1 hour before the operation, 
which is sufficient time to achieve effective levels in the wound during 
the procedure. Prophylactic administration should usually be stopped 
within 24 hours since continuing administration of any antibiotic 
increases the possibility of adverse reactions but, in the majority of 
surgical procedures, does not reduce the incidence of subsequent 
infection. However, in patients undergoing prosthetic arthroplasty, it is 
recommended that MEFOXIN be continued for 72 hours after the 
surgical procedure. If there are signs of infection, specimens for culture 
should be obtained for the identification of the causative organism so 
that appropriate therapy may be instituted. 

Contraindications: Previous hypersensitivity to cefoxitin and the 
cephalosporin group of antibiotics. 

Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE PREVIOUS HYPERSENSITIVITY 
REACTIONS TO CEFOXITIN, CEPHALOSPORINS, PENICILLINS, OR 





OTHER DRUGS. GIVE WITH CAUTION TO PENICILLIN-SENSITIVE 
PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME 
FORM OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC 
REACTION TO CEFOXITIN OCCURS, DISCONTINUE THE DRUG. 
SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPH- 
RINE AND OTHER EMERGENCY MEASURES. 

Precautions: The total daily dose should be reduced in patients with 
transient or persistent reduction of urinary output due to renal insuffi- 
ciency because high and prolonged serum antibiotic concentrations 
can occur in such individuals from usual doses. As with other anti- 
biotics, prolonged use may result in overgrowth of nonsusceptible 
organisms; repeated evaluation of the patient's condition is essential. If 
superinfection occurs, take appropriate measures. Increased nephro- 
toxicity has been reported following concomitant administration of 
cephalosporins and aminoglycoside antibiotics. 

Interference with Laboratory Tests —As with cephalothin, high concen- 
trations (> 100 mcg/ml) may interfere with measurement of serum and 
urine creatinine levels by the Jaffe reaction and produce false increases 
of modest degree in creatinine levels reported; serum samples should 
not be analyzed for creatinine if withdrawn within 2 hours of cefoxitin 
administration. A false-positive reaction for glucose in urine has been 
observed with CLINITESTS reagent tablets. 

Pregnancy —|n women of childbearing potential, weigh anticipated 
benefit against possible risks. 

Nursing Mothers —Cefoxitin is excreted in human milk in low 
concentrations. 

Infants and Children — Safety and efficacy in infants from birth to three 
months have not yet been established. In children three months and 
older, higher doses have been associated with increased incidence of 
eosinophilia and elevated SGOT. 

Adverse Reactions: The most common adverse reactions have been 
local reactions following intravenous or intramuscular injection. Other 
adverse reactions have been encountered infrequently. Local Reac- 
tions —Thrombophlebitis with intravenous administration; pain, 
induration, and tenderness after intramuscular injections. Allergic 
Reactions —Rash, pruritus, eosinophilia, fever, and other allergic reac- 
tions. Gastrointestinal — Nausea, vomiting, and diarrhea. Blood — 
Transient eosinophilia, leukopenia, neutropenia, and hemolytic anemia; 
a positive direct Coombs test may develop in some individuals, espe- 
cially those with azotemia. Liver Function — Transient elevations in 
SGOT, SGPT, serum LDH, and serum alkaline phosphatase. Renal 
Function —Elevations in serum creatinine and/or blood urea 

nitrogen levels. 

Note: In group A beta-hemolytic streptococcal infections, therapy 
should be maintained for at least 10 days to guard against the risk of 
rheumatic fever or glomerulonephritis. In staphylococcal and other 
infections involving a collection of pus, surgical drainage should be 
carried out where indicated. Intramuscular injections should be well 
within the body of a relatively large muscle such as the upper outer 
quadrant of the buttock (i.e., gluteus maximus); aspiration is necessary 
to avoid inadvertent injection into a blood vessel. The total daily dosage 
in infants and children should not exceed 12 grams. 

How Supplied: Sterile cefoxitin sodium in vials and infusion bottles 
containing 1 gram or 2 grams cefoxitin equivalent. 

For more detailed information, consult your MSD representative or see 


full prescribing information. Merck Sharp & Dohme, 
Division of Merck & Co., INC.. West Point, PA 19486 


$B. fragilis, B. distasonis, B. ovatus, B. thetaiotaomicron, B. vulgatus 
Registered trademark of Ames Company, Division of Miles Laboratories, Inc. 
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Perhaps the biggest gain in modern times 
or both physician and patient is the ability to 
wedict fetal well-being with a high degree of 
iccuracy. Certainly a major step forward in 
redicting is the Non-Stress Test (NST), a 
rocedure which may be conveniently per- 
3rmed, when indicated, in offices equipped 
“ith the Corometrics Antepartum Fetal Monitor. 

In arecent study consisting of 4,517 NSTs,* 
outine Non-Stress Testing appeared to im- 
rove the resolution of maternal classification 


Schifrin BS, Foye G, Amato J, Kates R, MacKenna J: 
loutine Fetal Heart Rate Monitoring in the Antepartum 
'eriod. Obstet Gynecol, 54: 21-25. 

»opies of this article are available upon request. 






and contributed to better perinatal outcome in 
both high and low risk patients. 


Routine testing appears to be of impor- 
tance since low risk pregnancies account for 
up to half of perinatal mortality and contribute 
to an equal number of those found to be at 
increased risk during labor. This study 
suggests that the NST might be appropriate 
for every patient from 28 weexs gestational 
age, onward. 


Introducing ... 
Corometrics 140 
Antepartum 
Fetal Monifor. 
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The new 140 Antepartum Fetal Monitor 
@ Simple, reliable, easily operated by staff 
@ Average testing time — 10-15 minutes. 
E Lightweight, portable. 

@ Test results immediately available. 

E Unique, easy-to-load chart paper cassettes 
@ ideal for offices and clinics. 


Contact Corometrics Medical Systems 
Inc.,61 Barnes Park Road North, Wallingford 
CT 06492, (203) 265-5631. 
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. COROMETRICS MEDICAL SYSTEMS, INC. Cy Because new life can't tell you its problems 


A position in Maternal/Fetal Medicine is 
available at Texas Tech University Regional 
Academic Heaith Center in El Paso, Texas. 
This is a full time faculty position for Board 
eligible or certified practitioner. Excellent 
‘opportunity for active clinical service for 


direct patient care, resident and medical stu- 


ent teaching « and research. Excellent salary 
‘in accordance: with experience for appro- 
priate individual. Growing fringe benefits 
program. | 


5 Interested persons contact 
- Billy Reeves, M.D. 
4800 Alberta Street 

El Paso, Texas 79905 
or 


M. Wayne Heine, M.D., TTUHSC 
_ Department of Obstetrics-Gynecology 
_ Lubbock, Texas 79430 


Gynecologic 
Oncolog¢ ist 





Full time facul ty position at the newly con- 
-structed cancer center associated with the 
‘Texas Tech Regional Academic Health 

Center in Amarillo, Texas. Excellent clinical 

opportunity for patient clinical service, 
teaching and research. Excellent salary in 
accordance with experience. Growing 
fringe benefits program. 


Interested persons contact 


-1400 Wallace Avenue 


Amarillo, Texas 79106. 


(Phone: 806-355-8961] 
or 
= M. Wayne Heine, M.D., TTUHSC 


Department of Obstetrics/Gynecology 
Lubbock, Texas 79430 





The r of Obstetrics and Gyi- 


ecology at the University of Utah Medi- 


cal Center announces the availability of 

a position in Gynecology Oncology at 

the Assistant Professor level on its full- — 

ime lty. Qualifications include 

ification and subspecialty 

t or eligibility and interest in 
ching, research, and patient care. 


í If interested, Please send curriculum | 


vitae to: 


James R. Scott, M.D. 
Professor and Chairman 
Department of Obstetrics 

and Gynecology 
University of Utah Medical Center 
Salt Lake City, Utah 84132 


Please respond by December 15, 1980. 


The University of Utah is an affirmative action/equal opportunity employer, 
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The Department of Obstetrics and Gynecology 
of the New York Hospital— Cornell University 
Medical Center is expanding its program and is 
actively seeking fulltime faculty members for 
the following positions: 


1) Maternal-fetal medicine 

2) Reproductive endocrinology and infertility 
3) Gynecologic oncology 

4) General gynecology and obstetrics 


Applicants must be Board-eligible or certified 
in obstetrics and gynecology with Board- 
certification or qualification in their subspe- 
cialty. Academic rank and salary dependent 
upon qualifications. 


Interested candidates please send curriculum 
vitae to: | 

William J. Ledger M.D. 

Professor and Chairman 


Department of Obstetrics and Gynediogy E S 


New York Hospital — 

Cornell University Medical Center 
525 East 68th Street 
New York, New York 10021 


NYVH-CUMC is an Affirmative Action Equal Opportunity Employer 
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Step up an 
stíll stay low 


TABLETS 


Norinyl 1+50 


(norethindrone 1 mg with mestranol .05 mg) 


Syntex (EP), Inc. 
Humacao. PR. 00661 


Please see summary 
of Prescribing Information 
on following page. 





G norethindrone 1 mg. with mestranoi 
0.05 mg. tablets followed by 7 inert tablets) 


ORAL CONTRACEPTIVE (0.C.) AGENTS 


INDICATIONS O.C s are indicated for the prevention of pregnancy. DOSE- 
RELATED RISK OF THROMBOEMBOLISM FROM G.C.s. Studies have shown a 
positive association between the dose of estrogens in 0.C.s and the risk of 
thromboembolism. For this reason, it is prudent and in keeping with good 
principles of therapeutics to minimize exposure to Se The OC. prod- 
uct prescribed for any given patient shouid be that product which contains the 
_ Jeast amount of estrogen that is compatible with an acceptable pregnancy rate 

and patient acceptance. it is recommended that new acceptors of OCs 
‘should be started on preparations containing 0.05 mg or less of estrogen. 


CONTRAINDICATIONS 1. Known or suspected brognancy (see Warning No. 
-5). 2. Thrombophiebitis or thromboembolic disorders. 3. A past history of 
` deep vein thrombophlebitis or thromboembolic disorders. 4. Undiagnosed 
‘abnormal genital bleeding. 5. 0.C.s shouid not be used by women who have or 
ave had any of the following conditions: a. Cerebral vascular or coronary ar- 
-tery disease. b. Known or suspected carcinoma of the breast. c. Known or 
- suspected estrogen dependent neoplasia. d. Benign or malignant fiver tumor 
which developed during the use of oral contraceplives or other estrogen con- 
‘taining products. 


WARNINGS: Cigarette smoking increases the risk of serious tar- 
-diovascular side effects from O.L. use. This risk increases with age and 
with heavy smoking (15 or more cigarettes per day) and is quite 
marked in women over 35 years of age. Women who use 0.C.s should 
be strengly advised not to smoke. 


The use of 0.C.s is associated with increased risk of several serious cordi- 
‘tions including thromboembolism, stroke, myocardial infarction, liver 
tumor, gall bladder disease, visual disturbances, fetal abnormalities and 
ri aenanaon Practitioners prescribing 0.C.s should be familiar with the 
following information relating to these risks. 


1. Thrombeembolic Disorders and Other Vascular Problems: An increased 
tisk of thromboembolic and thrombotic disease associated with the use of 
“0.6.8 is well established. One British study demonstrated an increased rela- 
cco: five risk for fatal venous thromboembolism: two British and three American 
“Studies demonstrated an increased relative risk for non-fatal venous throm- 
‘boembgiism. These studies estimate that users of 0.0.5 are 4 fo 11 times 
‘more likely than nonusers to ad these diseases without evident cause. 
-CEREBROVASCULAR DISORDERS. Two American studies demonstrated an 
“ancreased relative risk for stroke, which had not been shown in prior British 
y studies. in a collaborative American study of cerebrovascular disorders in 
women with and without predisposing causes, it was estimated that the rela- 
coo. tive risk of hemorrhagic stroke was 2.0 times greater in users than nonusers 
co and the relative risk of thrombotic stroke was 4 to 9.5 times greater in users 
vou than in nonusers. A British long-term, follow-up study reported in 1976 a 
ecccTpighly significant association between O.C. use and stroke. Another British 
jong-term, follow-up study had suggested such an association in 1974, but 
eure, the number of cases was too small to estimate the risk. MYOCARDIAL IN- 
O° RARCTION. An increased relative risk of myocardial infarction associated with 
vc’, the use of 0.C.s has been reported, confirming a previously suspected asso- 
ii Calion. One study conducted in the United Kingdom found. as expected. that 
ac. {he greater the number of underlying risk factors for coronary artery disease 
eo. feigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes. 
z: $. history of preeclamptic toxemia) the higher the risk of developing myocardial 
infarction, regardiess of whether the patient was an O.C. user or not. 0.C.s. 
however, were found to be an additional risk factor. In terms of relative risk, it 
has been estimated that O.C. users who do not smoke (smoking is consid- 
ered a major predisposing condition to myocardial infarction) are about twice 
as likely to have a fatal myocardial infarction as nonusers whe do not smoke. 
O.C. users who are also smokers have about a 5-fold increased risk of fatal 
infarction compared to users who do not smoke, and about a 10- to 12-fold 
“increased risk compared to nonusers who do not smoke. Furthermore, the 
number of cigarettes smoked is aiso an important factor. in determining the 
importance of these relative risks, however, the baseline rates for various age 
roups must be given serious consideration. (The estimates are based on 
ritish vital statistics which show acute myocardial infarction death rates 2- to 
3-times less than in the U.S. for womer in these age groups; consequently, 
actual U.S. death rates could be higher.) The importance of other predispos- 
ing conditions mentioned above in determining relative and absolute risks 
has not been quantified; other synergistic actions may exist. RISK OF DOSE. 
in an analysis of data derived from several national adverse reaction reporting 
systems, British investigators concluded that the risk of thromboembotism 
including coronary thrombosis is directly related to the dose of estrogen used 
in 0.C.s. Preparations containing 0.1 mg or more of estrogen were as- 
sociated with a higher risk of thromboembolism than those containing 0.05- 
0.08 mg of estrogen. Their analysis did suggest, however, that the quantity 
of estrogen may not be the soie factor involved. This finding has been sup- 
x ported by a study in the United States. Careful epidemiological studies to de- 
ii termine the degree of thromboembolic risk associated with progestogen-anly 
0.C.s have not been performed. Cases of thromboembolic disease have been 
reported in women ae these products. and they should not De presumed to 
so. be tree of excess risk. ESTIMATE OF EXCESS MORTALITY FROM CIRCULAT- 
ov aORY DISEASE. A large British prospective study estimated the mortality rate 
Siu “per 100,006 women per year from diseases of the circulatory system for 
cs users and nonusers of 0.C.s according to age. smoking habits, and duration 
2° Of use. The overall excess death rate annually from circulatory diseases for 
zi O.C. users was estimated to be 20 pe 100,000 {ages 15-34 -—5/100 000: 
:: . ages 35-44 —-33/100,000; ages 45-49 —140/100,000), The risk is corsen- 
-C trated in alder women, in those with a Jong duration of use, and in cigarette 
smokers, and may persist after discontinuation of O.C. use. R was not possi- 
“> We, however, to examine the interrelationships of age. smoking. and dura- 
<> fon of use, nor to compare the effects of continuous vs. intermittent use. 
$u. Although the study showed a 10-foid increase in death due to circulatory dis- 
w eases in users for 5 or more years, ail of these deaths occurred in women 35 
oe lor alder. Untd larger numbers of women under 35 with continuous use for 5 
of more years are available, it is not possible to assess the magnitude of the 
‘relative risk for this younger age group. The available data from a variety of 
sources have been analyzed to estimate the risk of death associated with vari- 
ous methods of contraception, The estimates of risk of death for each method 
include the combined risk of the pour ated method ieg.. thromboem- 
bolic and thrombotic disease in the case of 0.C.s) plus the risk attributable to 
- pregnancy or abortion in the event of method failure. This latter risk varies 
with the effectiveness of the contraceptive method. The findings of this 
analysis are shown in Table 1 below. The study concluded that the mortality 
associated with all methods of birth control is low and below that of 
childbirth, with the exception of 0.C.s in women over 40 who smoke. {The 
rates given for pill only/smokers for each age group are for smokers as a 
` class. For “heavy” smokers (more than 15 cigarettes a day), the rates given 
would be about double; for ‘light smokers {iess fhan 15 cigarettes a day}, 
about 50 percent.) The lowest mortality :s associated with the condom or dia- 
phragm backed up by early abortion. The study also concluded that 0.C. 
users who smoke, especially those over the age of 30, have a greater mortal- 

. ity risk than O.C. users who do not smoke. 
: FABLE 1. The annual number of deaths associated with control of fertility and 
no control per 100,000 nonsterite women by regimen of control and age of 

. women are: 
























































“> Abortion only 1.2 1.6 1.8 t7 1.9 3.2 
$o Pilt only —nonsmokers 13 t4 14 22 45 71 
Pill oniy -smokers 1.5 1.6 16 18 134 589 
: HDs only 0.9 1.6 1.2 14 20 1.9 
Traditional 
contraception only 1.4 16 20 36 50 42 
Traditional contra- 
ception and abortion 0.2 02 03 03 03 02 


ananem emenn mna een e aeeie n a aana a aa 


The risk of thromboembolic and thrombotic disease associated with O.C.s 
increases with age after approximately age 30 and, for myocardial infarction, 
is further increased by hypertension, hyperlipidemias, obesity, diabetes, or 
history ot preeclampic toxemia and especially by cigarette smoking. Based on 


> sociated with vse of 0.0.s° = 


Age 
Heavy smokers 
Light smokers 
Nonsmokers 
(No predisposing conditions) D C.D ç 
Nonsmokers 
(other predisposing conditions) g C.8 B.A 
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The physician and the patient shouid be alert to the earliest manitestations of 
thromboembolic and thrombotic disorders (e.g., thrombophlebitis, pulmo- 
nary embolism, cerebrovascular insufficiency, coronary occlusion, retinal 
thrombosis, and mesenteric thrombosis}. Should any of these occur or be 
suspected, the drug should be discontinued immediately. A four- to six-fold 
increased risk of post-surgery thromboembolic complications has been re- 
ported in O.C. users. if feasible, O.C.s should be discontinued at least 4 
weeks before surgery of a type associated with an increased risk of throm- 
boembolism of prolonged immobilization. Data aiso suggest that the pres- 
ence of varicose veins substantially increases the risk of superficial venous 
thrombosis of the leg, the risk depending on the severity of the varicosi- 
ties. Ocular Lesions: There have been reports of neuro-ocular le- 
sions such as optic neuritis or retinal thrombosis associated with the use of 
0.C.5. Discontinue 0.C. medication if there is unexplained, sudden or 
gradual, partial or complete loss of vision: onset of proptosis or diplopia: 
papilledema; or retinal vascular lesions; and institute appropriate diagnostic 
and therapeutic measures. Carcinoma: Long-term continuous administration 
of either natural or synthetic estrogen in certain animal species increases the 
frequency of certain adenomas, benign or malignant, such as those of the 
breast, cervix, vagina, uterus, ovary. pituitary and fiver. Certain synthetic 
progestogens, none currently contained in 0.C.s, have been noted to in- 
crease the incidence of mammary nodules, benign and malignant, in dogs. 
Several retrospective case-control studies have reported an increased retative 
risk (3.1 to 13.9 times) associating endometrial carcinoma with the prolonged 
use of estrogens in postmenopausal women who took estrogen replacement 
medication to relieve menopausal symptoms. One publication reported on the 
tirst 30 cases submitted by physicians to a registry of cases of adenocar- 
cinoma of the endometrium in women under 40 on 0.0.5. Of the adenocar- 
cinomas found in women without predisposing risk factors for adenocar- 
cinoma of the endometrium (@.g.. ential bleeding at the time 0.C.s were 
first given. polycystic Ovaries} nearly all occurred in women who had used a 
sequential O.C. These products are no longer marketed. No statistical associ- 
ation has been reported ped an increased risk of endometrial cancer in 
users of conventional combination or Pognon eny 0.C.s, although indi- 
vidual cases have been reported. Several studies have shown no increased 
risk of breast cancer to women taking O.C.s or estrogens. in one study, how- 
ever, while no overall increased risk of breast cancer was noted in women 
treated with 0.C.s. a pean risk was suggested for the subgroups of 0.C. 
users with documented benign breast disease and for long-term (2-4 years} 
users. One other study indicated an increasing risk of breast cancer in women 
taking menopausal estrogens, which increased with duration of follow-up. A 
reduced occurrence of benign breast tumors in users of 0.C.s has been well 
documented. In a prospective study of women with cervical dysplasia, there 
was an increase in severity and of conversion to cancer in situ in Q.C. users 
compared with nonusers. This became statistically significant after 3 to 4 
years of use. Nonreversal of dysplasia within the first 6 months of pill use was 
suggested to be predictive of progression after prolonged exposure. There 
have been other reports of microglandular hyperpiasia ot the cervix in users 
of0.C.s. in summary, there is at present no confirmed evidence fram human 
Studies of an increased risk of cancer associated with 0.C.s. Close clinical 
surveillance of ail women taking 0.C.s is. nevertheless, essential. in alt cases 
of undiagnosed persistent or recurrent abnormal vaginal ee apprepri- 
ate diagnostic measures should be taxen to rule out malignancy. Women with 
a strong family history of breast cancer or who have breast nodules, fibrocys- 
tic disease or abnormal mammograms should be monitored with particular 
care if they elect to use 0.C.s instead of other methods of contraception. 4. 
Liver Tumors; Sudden severe abdominal pain or shock may be due to rupture 
and hemorrhage of a liver tumor. There have been reports associating benign 
of malignant liver tumars with O.C. use. This has been reported in short- 
term as well as jong-term users of O.C.s. One study reported that use of 0.0.5 
with high hormonal potency and age over 30 years may further increase a woman's 
risk of hepatocellular adenoma. Two studies relate risk with duration of use, the 
risk being much greater after 4 or more years of use. Although it is an un- 
common lesion. it should be considered in women presenting with an “acute 
abdomen”. The tumor may cause serious or fatal hemorrhage. Patients with 
liver tumors have demonstrated variable clinical features which may make 
preoperative diagnosis difficult. Some cases presented because of night upper 
quadrant masses. while most had signs and symptoms of acute in- 
traperitoneal hemorrhage. Routine radiological and laboratory studies may 
not be helpful. Liver scans may clearly show a focal defect. Hepatic arteriog- 
raphy may be a useful procedure in diagnosing primary liver neoplasm. 5. 
Use in or immediately Preceding Pregnancy, Birth Defects in Offspring, and 
Malignancy in Female Offspring: The use of female sex hormones — both es- 
trogenic and progestational agents-—during early pregnancy may seriously 
damage the offspring. It has been shown that females exposed in utero to 
diethyistilbestro!, a nonsteroidal estrogen, have an increased risk of develop- 
ing in later life a form ot vaginal or cervical cancer that is ordinarily extremely 
rare, This risk has beer estimated to be of the order of tin 1,000 exposures 
or less. Although there is no evidence at the present time that 0. s further 
enhance the risk of developing this type of malignancy, such patients shouid 
be monitored with particular care if they elect to use O.C.s instead of other 
methods of contraception. Furthermore, a high percentage of women ex- 
posed to diethylstiibestrot (from 30 to 90%) have been found to have epithe- 
lial changes of the vagina and cervix. Although these changes are histologi- 
cally benign, itis not known whether this condition is a precursor of vaginal 
malignancy. Male children so exposed may develop abnormalities of the aro- 
genital tract. Athough similar data are not available with the use of other es- 
trogens, it cannot be presumed that they would not induce similar changes. 
An increased risk of congenital anomalies. including heart defects and limb 
defects, has been reported following use of sex hormones. including 0.0.5, 
in Pepay in one case-control study it was estimated that there was a 
4.7-fold increased relative risk of limb-reduction detects in infants exposed in 
utero to sex hormones (0.C.s. hormonal withdrawal tests for pregnancy or 
attempted treatment for threatened abortion). Some of these exposures were 
very short and involved only a few days of treatment. The data suggest that 
the risk of limb-reduction defects in exposed fetuses is somewhat less than 1 
in 1,000 live births. in a large prospective study, cardiovascular defects in 
children born to women who received temale hormones. including 0.C.s, 
during early pregnancy occurred at a rate cf 18.2 per 1,000 births, compared 
to 7.8 per 1,000 for chidren not so exposed in utero. These results are statis- 
tically significant. In the past. female sex hormones have been used during 
pregnancy in an attemot to treat threatened or habitual abortion. There is 
considerable evidence that estrogens are ineffective for these indications, and 
there is no evidence from well controlled studies that progestogens are effec- 
tive for these uses. There is some evidence that triploidy and possibly other 
types of polyploidy are increased among abortuses fram women who become 
pregnant soon after ceasing 0.C.s. Embryos with these anomalies are virti- 
ally always aborted spontaneously. Whether there is an overall increase in 
spontaneous abortion of pregnancies conceived soon after Sopon 0.0.5 is 
unknown. if the patient has not adhered to the prescribed schedule, the 90s- 
sibility of pregnancy should be considered at the time of the first missed 
period {or after 45 days from the last menstrual period if pragestogen-onty 
0.C.$ are used) and further use of O.C.s should be withheld until pregnancy 
has been ruled out. H is recommended that for any patient who has missed 
two consecutive periods. pregnancy should be ruled out before cantinging 
the contraceptive regimen, H pregnancy is confirmed. the patient should be 
apprised of the potential risks to the fetus and the advisability of continuation 
of the pregnancy showd be discussed in the fight of these risks. It is also 
recommended that women who discontinue 0.C.s with the intent of becom- 
ing pregnant use an alternate form of contraception for a period of time 
betore attempting to conceive. Many clinicians recommend 3 months, al- 
{hough no precise information is available on which to base this recom- 
mendation. The administration of progestogen-only or progestogen-estrogen 
combinations to induce withdrawal bleeding should not be used as a test of 








“increased Tisk was apparent between. © and 12 months ot 
Grate and Lipid Matabolic Effects: A decrease in glucose tot- 





se. 7: Carhoh 


‘erance has been observed in a significant percentage of patients on 0.C.s. 


For this reason, prediabetic and diabetic patients should be carefully ob- 
served while receiving O.C.s. An increase in triglycerides and total phos- 
pholipids has been observed in patients receiving O.C.s. The clinical signiti- 
cance of this finding is unknown. 8. Elevated Blood Pressure: An increase in 
blood pressure has been reported with O.C. use. In some women, hyperten- 
sion may occur within a few months of beginning O.C. use. in the first year of 
use, the prevalence of women with hypertension is low in users and may be 
no higher than that of a comparable group of nonusers. The prevalence i» 
users increases, however, with longer exposure, and in the fitth year of use is 
two and a haif to three times the reported prevalence in the first year. Age is 
also strongly correlated with the development of hypertension in O.C., users. 
Women with a history of elevated diood pressure (Aperamo) preexisting 

renal disease. a history of toxemia or elevated blood pressure during preg- 
nancy, a familial tendency to hypertension or its consequences. or a history 
of excessive weight gain or fluid retention during the menstrual cycle may be 

more likely to develop elevation of blood pressure when given 0.C.5 and. 
therefore, should be monitored closely. Even thouch elevated blood pressure 
may remain within the “normal” range, the clinica implications of elevations 

Should not be ignored and close surveillance is indicated, particularly for 
women with other risk factors for cardiovascular disease or stroke. High 

blood pressure may or may not persist after discontinuation of the 0.0. 9. 
Headache; The onset or exacerbation of migraine or development of headache 

ot a new pattern which is recurrent, persistent. or severe, requires discon- 
tinuation of 0.C.s and evaluation of the cause. 19. Bleeding Irregularities: 

Breakthrough bieeding, spotting, and missed menses are frequent reasons 

for patients discontinuing 0.C.s. In breakthrough bleeding. as in all cases of 
irregular bleeding from the vagina, nonfunctional causes should be borne in 

mind. in undiagnosed persistent or recurrent abnormal bleeding from the 

vagina, adequate diagnostic measures are indicated to rule out pregnancy or 
malignancy. if pathology has been excluded, time or a change to another 
formulation may solve the problem. Changing to an O.C. with a higher estro- 
gen content, while potentially useful in minimizing menstrual irregularity, 
should be done only if necessary since this may increase the risk of throm- 
boembolic disease. Women with a past history of oligomenorrhea or secon- 
dary amenorrhea or young women without regular cycles may have a tend- 
ency to remain anovulatary or to become amenorrheic after discontinuation 
of 0.C.s. Women with these preexisting problems should be advised of this 
possibility and encouraged to use other contraceptive methods. Post-use 
anovulation, possibly prolonged, may also occur ia women without previous 
irregularities. A higher incidence of galactorrnea and of pituitary tumors 
{e.g., adenomas) has been associated with amenorrhea in former users 
compared with nonusers. One study reported a 16~fold increased prevalence 
of pituitary prolactin-secreting tumors among patients with postpill 

amenorrhea when galactorrhea was present. 11. infertility: There is evidence 
of impairment of fertility in women discontinuing 0.C_s in comparison with 

those discontinuing other methods of contraception. The impairment appears 
to be independent of the duration of use of the preparations. While the im- 
pairment diminishes with time, there is still an appreciable difference in the 
results in nulliparous women for the O.C. and noa-0.C. groups 30 months 
after discontinuation of birth control. For parous women the difference is no 

longer apparent 30 months after cessation of contraception. 12. Ectopic 

Pregnancy: Ectopic as weil as intrauterine pregnancy may occur in contracep- 
tive failures. However, in progestogen-only O.C. failures, the ratio of ectopic 

to intrautenne pregnancies is higher than in women who are not receiving 

0.C.s, since the drugs are more effective in preventing intrauterine than et- 
topic pregnancies. 13. Breast Feeding: 0.C.s given in the postpartum period 

may interfere with lactation. There may be a decrease in the quantity and 

quality of the breast miik. Furthermore. a smali fraction of the hormonal! 
agents in O.C.s has been identified in the milk of mothers receiving these 

drugs. The effects, itany. on the breast fed child have not been determined. if 
feasible, the use of O.C.s should be deferred until the infant has been 

weaned. PRECAUTIONS GENERAL 1. A complete medical and family history 
shouid be taken prior to the initiation of 0.C.s. The pretreatment and periodic 
physical examinations should include special reference to blood pressure, 
breasts, abdomen and pelvic organs, including Papanicolaou smear and rele- 
vant laboratory tests. As a general rule, 0.C.s sheuid not be prescribed for 

longer than 1 year without another physical examination being performed. 2. 

Under the influence of estrogen-progestogen preparations, preexisting 

uterine letomyomata may increase in size. 3. Patients with a history of 

psychic depression should be carefully observed and the drug discontinued if 

depression recurs to a serious degree. Patients becoming significantly de- 
pressed while taking 0.0.5 should stop the medication and use an alternate 

method of contraception in an attempt to determine whether the symptom is 

drug related. 4. 0.C.s may cause some degree of fluid retention. They should 

be prescribed with caution, and only with careful monitoring, in patients with 

conditions which might be aggravated by fluid retention, such as convulsive 

disorders, migraine syndrome, asthma or cardiac, hepatic or renal insuffi- 
ciency. 5. Patients with a past history of jaundice during pregnancy have an 

increased risk of recurrence of jaundice while rece:ving O.C. therapy. H jaun- 
dice develops in any patient receiving such drugs, the medication should be 

discontinued. 6, Steroid hormones may be poorly metabolized in patients 

with impaired liver function and should be administered with caution in such 

patients. 7. Q.C. users may have disturbances in normal tryptophan 

metabolism which may result in a relative pyridoxne deficiency. The clinical 
significance of this is unknown. 8. Serum folate levels may be depressed by 
O.C. therapy. Since the pregnant woman is predisposed to the development 

of folate deficiency and the incidence of folate deficiency increases with in- 
creasing gestation, it is possible that if a woman becomes pregnant shortly 
atter stopping 0.C.s. she may have a greater chance of developing folate de- 
ficiency and complications attributed ta this deficiency. 9. The pathologist 
should be advised of O.C. therapy when relevant specimens are submitted. 
10. Certain endocrine and liver function tests and blood components may be 
affected by estrogen-containing O.C.s. For example: a. Increased sulfo- 
bromophthalein retention. b. Increased prothrombin and factors Vil, VIH IX. 
aad X. decreased antithrombin 3. increased norepinephrine-induced platelet 

aggregability. c. increased thyroid binding globulin {TBG} leading to im 
creased circulating total thyroid hormone, as measured by protein-bound 

iodine (PBI), T4 by column. or T4 by radioimmunoassay. Free T3 resin uptake 

is decreased, reflecting the elevated TBG., free T4 concentration is unaltered. 
d Decreased pregnanedio! excretion, e. Reducec response to metyrapone 

test. DRUG INTERACTIONS 0.C.s may be rendered less effective by virtue of 

dtug interaction with rifampin, isoniazid, ampicillin, tetracycline, neomycin, pen- 
icitin V, chioramphenicol, sulfonamides, nitroturantoin, barbiturates, pheny- 
toin, primidone, analgesics, tranquilizers, and antimigraine preparations. 0.C.'s 

may alter the effectiveness of other types of drugs. such as oral anticoagu- 
fants, anticonvulsants. tricyclic anudepressants, antihypertensive agents 

e.g.. quanethidine)}, vitamins and hypoglycemic agents. CARCINOGENESIS 

2e Warnings. PREGNANCY Pregnancy category X. See Contraindications 

and Warnings. NURSING MOTHEAS See Warnings. ADVERSE REACTIONS An 

increased risk of the following serious adverse reactions has been associated 

with the use of 6.C.s (see Warnings): thrombophlebitis, thrombosis, pulmo- 
nary embolism, coronary thrombosis, cerebral thrombosis, mesenteric 

thrombosis, liver tumors, cerebral hemorrhage. hypertension, gall bladder 

disease, congenital anomalies, neuro-ocular lesions, e.g.. retinal thrombosis and 

optic neuritis. The following adverse reactions have been reported in patients 

receiving 0.C.s and are believed to be drug related: bleeding irregular- 
ities (breakthrough bleeding, spotting, missed menses during treatment, 
amenorrhea after treatment}. gastrointestinal symptoms (nausea. vomiting, 
bioating, abdominal cramps}, dysmenorrhea, infertility after discontinuance 
of treatment. edema. chioasma or melasma which may persist after drug is dis- 
continued. breast changes (tenderness, enlargement, and secretion), intol 
efanice to contact lenses, change in corneal curvature (steepening) change in 
weight (increase or decrease}, ge in cervical erosion and cervical secretion, 
ae diminution in lactation when given immediately postpartum, cho- 
estatic jaundice, migraine, increase in size of uterine leiomyomata, 
rash jallergic), mental depression, reduced tolerance to carbohydrates. vag- 
inat candidiasis, protactin-secreting pituitary tumors. The follwing adverse 
reactions have been reported in users of 0.C.s, and the association has been 

neither confirmed nor refuted: premenstrual-like syndrome, cataracts. changes 

in fibido, chorea, changes in appetite, cystitisike syndrome, headache. net- 
vousness. dizziness. hirsutism, joss of hair. erythema multiforme. erythema 
nodosum, hemorrhagic eruption, vaginitis, porphyria, impaired renal function. 
INFORMATION FOR THE PATIENT (See Patient Package insert) 


~ Serum sex hormone- binding globulin capacity and 


‘the percentage of free estradiol in postmenopausal 
women with and without endometrial carcinoma 
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- A significant elevation (mean + SEM) in the percentage of free estradiol was observed in the serum 
of postmenopausal (PMP) patients with endometrial carcinoma (1.92 + 0.13%, n = 13) when 
compared with a reference group of PMP women (1.65 + 0.07%, n = 29, p < 0.05). This difference 
was probably due to a lower sex hormone- binding globulin (SHBG) capacity in PMP patients with 
endometrial carcinoma (26 + 3 pmol/ml, n = 20) than in the reference PMP women (35 + 2 
pmol/ml, n = 58, p < 0.02), since highly significant inverse correlations between serum SHBG 
capacity and percentage of free estradiol were found in both groups. Postmenopausal patients with 
endometrial cancer had a greater mean excess body weight (+69 + 13 pounds, n = 20) when 
compared to the reference PMP women (+25 + 4 pounds, n = 58, p < 0.001), and it was found 
that serum SHBG capacity was inversely related to excess body weight. Furthermore, when.a group 
of PMP patients with endometrial carcinoma (n = 11) were individually matched with PMP reference 
subjects for deviation from ideal body weight, no differences in SHBG capacity and percentage of 
free estradiol were observed. Thus, in addition to the well-documented higher than normal 
peripheral production of estrogen associated with obesity, it also appears that higher concentrations 
of free estradiol are available to target cells because of a depression in serum SHBG capacity in 
obese postmenopausal women. These findings provide further evidence that endogenous estrogens. 
may account for the epidemiologic link between obesity and the increased incidence of 
postmenopausal endometrial cancer. (AM. J. OBSTET. GYNECOL. 138:637. 1980.) 








Jn POSTMENOPAUSAL women, the ovaries no longer one. Estrogen is produced largely as a result of the 
| ae "produce significant amounts of estrogen or progester- conversion of adrenal androstenedione to estrone in =- 
z eripheral tissues, and most of the circulating estradiol 
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Fig. 1. The mean (+SEM) values of the percentage of free 


serum estradiol, serum SHBG capacity, and A ideal weight of 


patients with postmenopausal endometrial carcinoma thatched 
columns) and postmenopausal reference subjects (open col- 
umns). N = Number of subjects in each group. Significant 
differences between these groups was found in the mean per- 
centage of free estradiol (*), SHBG capacity (**), and A ideal 
weight (***). *p < 0.05, **p < 0.02, ***p < 0.001. 


trone,' Although the concentrations of estrone in the 
-blood are two to three umes niger than those of es- 
tradiol in postmenopausal women,” estradiol appears 


o to be approximately seven times more potent at the 


level of rece ptor binding in human tissues.* *In serum, 
unconjugated estradiol exists mainly bound to sex 
hormone -binding globulin (SHBG) and albumin, and 
only a small (1% to 3%) fraction is unbound. It is gen- 
erally agreed that only nonprotein-bound (Le., free) 
steroid. hormones are biologically active, and that the 
serum SHBG capacity regulates the amount of free es- 
tradiol® In view of the relationship between estrogen 
and endometrial carcinoma, we investigated the SHBG 
capacity and the percentage of free estradiol in serum 
of women with and without endometrial carcinoma. 
Moreover, because of the association between endome- 

trial carcinoma and obesity,° and previous findings 
‘that obesity is related to a decrease in serum SHBG 
capacity, 1! we paid particular attention to the rela- 
tionship of serum SHBG capacity to the weight of the 
patients who were studied. 


Patients and methods | | 

Twenty postmenopausal women. with endometrial 
carcinoma and 58 normal postmenopausal women 
were included in this study. All women were at least 2 
years beyond the cessation of menses and gave no his- 
tory of recent intake of estrogen, thyroid, or other 
medications known to influence serum SHBG capacity. 7 
Samples of serum were stored at — 2) È. a ce ca 

The percentage of free estradiol was determined by 


a centrifugal ultrafiltration-dialysis technique at 37°C, 


on samples of undiluted serum.” Samples. (450. HÌ) o 
were incubated (30 minutes at 37° C} with: a x 105) 
dpm [?H]-estradiol and 12 x 10° dpm. THe} -glucose. 
Duplicate aliquots (200 wl) of the incubates were cen- 
trifuged (3,000 x g for | hour at 37° C) through a dial- 


ysis membrane. The percentage of free steroid in the 





samples was estimated by comparing the ratio of 
[°H]-estradiol:['C]-glucose in the ultrafiltrate with the 
corresponding ratio in 30 ul of the serum retained by 
the dialysis membrane. 

Serum SHBG capacity was measured in a dieth- 
yvlaminoethyl (DEAE) filter assay similar to that previ- 
ously described. Samples of serum (50 yl) were di- 
luted 200-fold with the use of 0.OIM Tris EDTA (1.5 
mM) buffer (pH 7.4 at 21° C), and 300-! aliquots were 
incubated (1 hour at room temperature +30 minutes 
at +4° C) with 10nM [*H]-5a-dihydrotestosterone with 
and without 100-fold excess of unlabeled 5a-dihydro- 
testosterone. Duplicate aliquots (100 ul) of the incuba- 
tion mixture were pipetted onto the DEAE filter discs, 
which were then washed ten umes with | ml of the Tris 
EDTA buffer at 4° C. The amount of [*H]-5a- 
dihydrotestosterone specifically bound to the SHBG. 
absorbed to the DEAE filters was calculated by subtract- 
ing the amount bound in the presence of excess steroid 
(nonspecific binding) from that bound in the presence 
of labeled steroid alone (total binding). If it is assumed 
that SHBG has only one binding site per molecule, the 
binding capacity could, therefore, be calculated di- 
rectly, 

In each assay, individual samples both from patients 


with endometrial carcinoma and trom reference sub=. 
jects were included. Sera from two reference subjects, 


representing high (2.32%) and low (1. 37 Ge). percent- 
ages of free estradiol and corres pondingly low (19 

pmol/ml) and high (64 pmol/ml) SHBG capacities, 
were included in every assay in order to monitor assay 


performance. The interassay coefficients of variation 


of these samples (n = 7) were 6. 7% and 10.0% for the — 
estimation of perc entage | free estradiol, and 9. 3% and 
12.3% for the determination of serum SHBG capacity. 

Deviation from ideal body weight. (A ideal weight) 
was calculated by means of a standard formula for ideal 
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Fig. 2. The relationship I between the percentage of free estradiol and SHBG capacity inthe serum of | 

13 postmenopausal patients. with endometrial carcinoma (o, broken regression: line) and 29 z 
postmenopausal reference subjects (e, solid: regression line). A significant correlation was. observ ed ioe 
both for the postmenopausal patients with endometrial carcinoma (r = —0.63, p < 0.001) and tt ee n o 
reference population (r = —0.60, p < 0.001). There was no significant difference between the r re- oo i 
gression lines generated by these two groups. ANE 
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Fig. 3. The influence of A ideal weight on the serum SHBG capacity of 20 postmenopausal patients 
with endometrial car cmoma (a) and 58 postmenopausal reference subjects {e}. 


“weight {å ideal weight = 105i + 5 (heighti,, ~ 60)." pounds, n = 58). The mean ages and heights of the T 














At vo-tailed Student’s t test (paired and unpaired patients with endometrial carcinoma (61.1 years and 

re applicable) was employed for statistical analysis. 62.6 inches) were not significantly (p > 0. 05} different 

| = from those of the reference group (58. 2 years and 63. 6 
esults inches). | : E. 
‘The. mean (SEM) ) serum percentage of free es- The relationship between percer tage of frée - 
tradiol, serum SHBG capacity, and A ideal body weight tradiol and SHBG capacity is illustrated in Fig. 2 2, A: 
for PM P patients. with endometrial carcinoma and ref- highly significant inverse correlation \ W as observ ed both 
: erence subjects are. presented i in Fig. 1. The mean per- for the patients with endometr ial carcinoma (r= =0. 63, 





ntages of free estradiol in the sera of 13 patients with p< 0. 001) and for the reference subjects (r= -@. 60, 


€ a caranoma (1.92% + 0.13%) and the 29 p < 0.001). However, there was no significant differ- 
rence subjects (1.65% + 0.07%) were significantly ence between the regression lines derived for the en- 





different (p < 0.05). The mean serum SHBG capacity dometrial carcinoma and reference groups. 
of patients with endometrial carcinoma (26 + 3 pmol/ The influence of excess weight on the serum SHBG. 
= ml, n = 20) was significantly | lower (p < 0,02) than that capacity of patients with endometrial carcinoma and. | 
of the reference. subjects (35+ 2 pmol/ml, n = 58}, reference subjects is illustrated in Fig. 3.and Fig. 4. The 


wher eas the A ideal wel ight of patients with endometrial relationship appears to be curvilinear (Fig. 3), but when 
carcinoma (+69 + 13 pounds, n = 20) was. greater the SHBG capacity is expressed as the natural loga- 
(p < 0.001) than: tha of the reference group (+252 4 rithm (Fig. 4), a highly significant inverse correlation is 
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ae Fig. 4. The relationship of A ideal weight to the Log n serum SHBG capacity of 20 postmenopausal 
“patients with endometrial carcinoma (a, broken regression line) and 58 postmenopausal reference 
~ subjects (ə, solid regression line). A significant correlation was observed both for the patients with 
endometrial carcinoma (r = —0.54, p < 0.001, n = 20) and for the reference subjects (r = ~ 0.64, 

p < 0.001, n = 58). There was no difference between the linear regression lines generated by these 


two groups. 
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‘Fig. 5. The mean (*SEM) values of the percentage of free 


serum estradiol, serum SHBG capacity, and A ideal weight of 


‘LL postmenopausal patients with endometrial carcinoma 
(hatched. columns) individually matched with 11 post- 
-menopausal reference subjects (open columns) for A ideal 


~ weight, No significant differences between these groups were 
... found. 


observed both for the patients with endometrial carci- 
noma (r= —0.54, p< 0.001). and for the reference 
subjects (r = —0.64, p < 0.001). No significant differ- 
ence was found when the slopes of these regression 
lines were compared. | 

In order to further assess the influence of excess 


weight, a subgroup of I] patients with endometrial 
carcinoma were individually matched for A ideal body 
weight with Il reference subjects. When the esti- 
mations of mean serum SHBG capacity and percentage 
of free estradiol were again compared, no significant 
difference was observed between patients with endo- 
metrial carcinoma and normal women (Fig. 5). 


Comment 


It was previously demonstrated that the SHBG ca- 
pacity regulates the percentage of nonprotein-bound 
testosterone and estradiol in plasma, even though the 
binding affinity of estradiol is lower than that of tes- 
tosterone.> More recently, Vigersky and associates 
claimed that estradiol does not bind to SHBG under 
physiologic (1-e., at 37° C) conditions. However, the lat- 
ter workers used diluted plasma for their experiments, 
thus vitiating their conclusion. The present data, which 
show a strong inverse correlation between SHBG ca- 
pacity and the percentage of free estradiol when. 


measured in undiluted serum at 37° C, provide strong 
support for the importance of an estradiolSHBG in- 


teraction in vivo. Moreover, the linear regression lines <. 
relating serum SHBG capacity and percentage of free 

estradiol were very similar for the patients with endome- 
trial carcinoma and normal postmenopausal women, 


thus suggesting that there is no difference between thee > 


SHBG-estradiol interaction in these subject groups. In 
contrast, we have recently observed that patients with 
breast cancer have elevated percentages of free estradiol 
which are not related to a decrease in serum SHBG 
capacity. The latter observation has been interpreted 




















~~ cancer. 

Several factors are known to be associated with a de- 
crease in serum SHBG capacity. These include elevated 
concentrations of serum androgen, hypothyroidism, 
and obesity, ® and of these, only obesity has been 
consistently found in patients with endometrial carci- 
noma." A direct association has been shown to exist 
between the relative risk of endometrial carcinoma and 

the extent of excess body weight,® and women who are 


~~ more than 50 pounds overweight have been be eae 
i to develop endometrial carcinoma two* to ten” times 


more frequently than women of normal wedi Fur- 
thermore, other conditions associated with an in- 





o2 e creased risk of endometrial carcinoma, such as diabetes 
mellitus’ and hypertension,” may be risk factors only 


-because they are frequently found in obese women.” 

_ Although previous studies have suggested that an in- 
creased peripheral production of estrogen in obese 
subjects may account for the relationship between obe- 
sity and endometrial cancer,' no difference in either 
the extent of conversion of androstenedione to es- 
trone® or serum estrone and estradiol levels? has been 
found between patients with endometrial carcinoma 
and weight-matched controls. Nevertheless, chronic 
stimulation of estrogen, unopposed by progesterone, 
appears to promote the development of endometrial 
- carcinoma, since an increased incidence of this tumor 
is observed in women with estrogen-secreting neo- 
plasms,” anovulatory cycles,*! polycystic ovarian dis- 
ease,” delayed menopause,’ and a history of ingestion 
of estrogen.** *4 

The present data demonstrate that serum SHBG ca- 
pacity is inversely related to excess body weight both in 
patients with endometrial carcinoma and in reference 
subjects. The curvilinear nature of this relationship re- 
veals that serum SHBG capacity is markedly reduced in 
virtually all postmenopausal women who are more than 
70 pounds over their ideal weight. Moreover, the linear 
regression lines generated from the natural logarithm 
of SHBG capacity and A ideal body weight were iden- 
tical both for patients with endometrial carcmoma and 
for reference subjects. These data suggest that the 
lower mean SHBG capacity observed for patients with 
endometrial carcinoma appears to be due solely to their 
greater degree of obesity as compared to normal 
women, 

In the serum of patients with endometrial carci- 
noma, the mean percentage of free estradiol was 
higher than that in normal postmenopausal women. 
However, this increase in the mean percentage of free 
estradiol is probably a reflection of the lower serum 








Serum SHBG and free estradiol in postmenopausal wome 


SHBG capacity in the patients with endometrial carei — 
noma, due to their greater mean excess body weight. 
This is substantiated by the fact that no difference in 
the percentage of free estradiol in serum could be 
demonstrated when patients with endometrial carci- 
noma and normal postmenopausal women were indi- 
vidually matched for ideal weight. Thus, obesity results 
in an increase in the peripheral production of estro- 
gen, an increased serum. concentrations of estrone 
and estradiol,” a decrease in serum SHBG capacity, and 
a concomitant increase in the percentage of free es- 
tradiol in postmenopausal women. These changes, 
when considered together, suggest that the absolute 
amount of free estradiol in serum which js available for 
uptake by target cells is chronically elevated in obese 
postmenopausal women. Other factors (genetic, viral, 
etc.) that promote malignant tr ansformation of the en- 
dometrium of nonobese women, and that of some 
obese women but not that of others, remain to be iden- 
tified. 

The observation of decreased serum SHBG capacity 
in obese postmenopausal subjects is difficult to explain. 
In addition to obesity, hyperandrogenism and hypo- 
thyroidism are known to be associated with a depressed 
serum SHBG capacity.” Although there is little evi- 
dence to suggest that the production of androgen Is 
elevated in obesry, adrenal secretion of cortisol and, 
presumably, adrenal androgens is increased in obese 
subjects.” Similarly, abnormalities in the production or 
action of thyroid hormone have not been discerned in 
obesity, despite extensive investigations. However, It is 
possible that reduced hepatic SHBG synthesis reflects a 
defect in the action of thyroid hormone in the liver that 
is not detected by the usual tests of thyroid function. In 
this regard, it is of interest that the administration of 
small amounts of thyroxine to obese subjects for rela- 
tively short periods of time restores their serum SHBG 
capacity to normal.*® Thus, measurement of serum: 
SHBG capacity may serve as an exquisitely sensitive 
indicator of thyroid hormone function. Further more, 
some of the known interactions between thyroid and 
sex steroid hormones may be mediated by changes in 
serum SHBG binding capacity rather than at the cellu- 
lar level. Indeed, the fact that the administration of 
thyroid hormone to women with menorrhagia often 
eliminates the impact of excessive estrogen on the en- 
dometrium may be explained by a decrease in the per- 
centage of free estradiol, as a result of increased SHBG 
synthesis. 

The present data provide a biochemical basis for the 
association between obesity and endometrial cancer. 
Since a reduction in weight in postmenopausal women 
has been observed to normalize serum concentrations 








of estradiol and SHBG capacity," it is suggested that 
obese postmenopausal women should be advised to 
lose weight, since a reduction in weight will un- 
doubtedly decrease the amount of biologically active 
serum estradiol. In addition, the deleterious effects of 
chronic stimulation of the endometrium by estrogen in 
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n immunohistochemical anias + were used to search for the presence of 176-estradiol 

2 dehydrogenase activity: in human endometrial and placental tissues, with the use of antibodies 

-raised against highly purified human placental 178-estradiol dehydrogenase. Sensitivity and 

„specificity. of the antibodies were documented. by radioimmunoassay and immunodiffusion on 

_ Cellulose acetate. Although staining was consistently demonstrated in the syncytiotrophoblast layer 

of term placentas, in both cytoplasm and nuclei, no immunohistochemical reaction was observed in. 
endometrial samples. These results support the contention that placental 178-estradiol 
dehydrogenase is immunologically. dissimilar from the endometrial enzyme. (AM. J. OBSTET. GYNECOL. 


138:643, 1980.) 


HUMAN EN DOMETRIUM and placenta have been 
“shown to possess 17f-estradiol dehydrogenase (EDH) 
activity. The specific activity of the endometrial enzyme 
_ varies during the menstrual cycle. It is low in the fol- 
| Jicalar phase and increases drastically (over tenfold) 
after ov ulation -aching a maximum at the midluteal 
“phase. ae 2 The activity in midsecretory endometrium is 
about : one thirtieth of the level in term placentas, mea- 
sured under identical in vitro assay conditions.” 
Phe EDH activity was demonstrated histochemically 





ly in secretory endometrial glands.’ 
oe ` Pollow and coworkers ™ ® have studied the intracel- 
a lular distribution of the endometrial enzyme, partially 
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purified it, and determined some of: its kinetic charac 
teristics. 

The physiologic relevance of changes in EDH as a 
mechanism of regulation of the concentration of Esin ` 
the endometrium has been emphasized previously,” In ve 
vivo and in vitro studies have indicated that progeste- 
rone and synthetic progestins are inducers of EDH. 

Human placental EDH has been ‘extensively puri: 
fied and characterized®" and its subcellular distribu 
tion has been evaluated.'® In contrast with the endome- a 
trial enzyme, no regulatory mechanisms for placental 
EDH have been reported. ies. 

Attempts to neutralize similar levels of EDH activity 
in placental cytosol and in an extract of microsomes 
with antiserum raised against the purified placental en- 
zyme proved to be successful only for the placental 
preparation.® The lack of cross-reactivity of the endo- 
metrial EDH with the antiserum suggests immu- 
nologic dissimilarity between the endometrial and the 
placental enzymes. 

The present investigation continues the examination 
of cross-reactivity of human placental and endometrial 
EDH antibodies produced against highly purified pla- 
cental enzyme. 
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Material and methods 

Preparation of antiserum to placental estradiol de- 
hydrogenase. Twelve adult male New Zealand white 
rabbits were injected with purified enzyme, prepared 
and supplied by the late Dr. Lewis L. Engel, Harvard 
“Medical School, according to his previously published 
method. The enzyme was prepared from human pla- 
centas and inactivated in the following manner. It was 
diluted in potassium phosphate buffer, pH 7.2, con- 
taining 5mM ethylenediaminetet ra-acetic acid (EDTA), 
and 50% glycerol to concentrations of 10 to 100 mM. 
This solution was heated for 30 minutes at 56° C, al- 
lowed to cool, and then centrifuged for 10 minutes at 
20,000 x g. Injection solutions were made up in 20% 
glycerol (2 ml), plus complete Freund’s adjuvant (6 ml) 
to a final concentration of 0.125 mg/ml. Initial injec- 
tions included 6.3 ml] intramuscularly in each forelimb, 
plus 0.2 ml intradermally in three sites on the abdomi- 
nal wall. Subcutaneous booster injections of 0.2 ml 
(0.025 mg) were given monthly. Immunologic testing 
was performed by cellulose acetate immunodiffusion 


and confirmed with radioimmunoassay by means of 


techniques previously described. Todination was by 
the Chloramine-T method. Although the E,DH-AB-5 
(rabbit 5) was used. in this study at a 1: 1,000 dilution, 
the radioimmunoassay was run at a final dilution of 
l: 200,000. E,DH-AB-5 was the most active and specific 
antiserum. The radioimmunoassay was sensitive to less 
than 2 ng and showed 50% displacement with 22 ng. 
The curve was linear from 10 to 100 ng. 

Lines of identity were obtained on cellulose acetate 
immunodiffusion between E,DH-AB-5 and EDH in 
50% glycerol, 100 mM potassium phosphate, 5 mM 
EDTA at pH 7.2. No-cross-reaction was found with the 
anti-rabbit gamma globulin added to the serum, and no 
cross-reaction was found against normal rabbit serum 
in the same immunodiffusion. Further specificity test- 
ing of E2,DH-AB-5 was carried out by means of the 
radioimmunoassay. No cross-reaction (no displacement 
of radiolabeled EDH) was found with the use of the 
following compounds: isocitrate dehydrogenase (10 pl 
of 10mg/ml), alcohol dehydrogenase from rat liver (100 
ng) and from veast (100 ng), lactic dehydrogenase (10 pl 
of 10. mg/ml), glucose-6-phosphate dehydrogenase (10 
al of 2 ng/ml), 3,178-hydroxysteroid dehydrogenase, 
furnished by Dr. R. Schultz (10 ul containing approxi- 
mately 100 ng), 3,20-hydroxysteroid dehydrogenase, 
furnished by Dr. C. Farris (10 pl containing approxi- 
mately 100 ng), and steroid hormones (progesterone, 
100 pg/ml; androstenedione, 28 pg/ml; estradiol, 105 
pg/ml: testosterone, 650 pg/ml; and 5a-dihydrotesto- 
sterone, 255 pg/ml). 
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Tissue samples. Samples of histologically proved 
normal secretory endometrium from surgical speci- 
mens and portions of normal, vaginally delivered term 
placentas were used in these studies. 

Immunohistochemical procedures. Tissues were 
brought to the laboratory in cold (4° C) saline solution, 
were cut to blocks of appropriate size, and were fixed 
with cold 2% freshly generated formaldehyde in 0.1M 
phosphate buffer, pH 7.4. After at least 48 hours in 
cold fixative, the tissues were dehydrated in alcohol, — 
infiltrated with paraffin, and sectioned (5 to 9 u) on a 
rotary microtome. Once adequate morphologic preser- 
vation was assured by microscopic examination of rou- 
tine hematoxylin and eosin preparations, adjacent 
sections were stained by the immunocytochemical 
methods of Mason and associates™ and Sternberger 
and associates.'® After deparaffinization and hydration 
in phosphate-buffered saline solution (PBS), sections. 
were incubated in 3% hydrogen peroxide (5 minutes) 
and covered dropwise with 1% normal goat serum 
(NGS). This serum was decanted and replaced by 
either the specific antiserum (rabbit anti-human. pla- 
cental estradiol dehydrogenase, E,DH-AB) described 
above or by various control sera. The dilutions of 
E DH-AB and of the control sera were 1: 1,000 (vol- 
ume:volume). The tissues, covered by antisera, were 
incubated for at least 24 hours at 4° C in a closed 
humidification chamber. After this incubation, the sec- 
tions were washed in three changes (30 minutes each) 
of PBS, drained, and covered by 1:10 goat anti-rabbit 
immunoglobulin (30 minutes) at room temperature, 
washed three times in PBS, and treated with either the 
Sternberger or the Mason reagents. Those sections to 
be stained by Sternberger’s technique were covered 
with a solution of peroxidase —anti-peroxidase (PAP) at 
a dilution of 1:60 in 10% NGS. Tissues processed by 
the method of Mason and associates were incubated 
with rabbit anti-horseradish peroxidase (30 minutes), 
washed in three changes of PBS, and exposed to 
horseradish peroxidase (Sigma, Type VD in a concen- 
tration of 10 pg/ml of distilled water. Whichever of 
the above-described immunochemical techniques was 
used, sections were again washed in three changes of © 
PBS (30 minutes each) before staining with a mixture 
of 3’5'-diaminobenzidine (DAB) and hydrogen perox- 
ide in Tris buffer. The tissues were washed in distilled 
water, dehydrated, and covered. Both of these staining » 
procedures gave low, uniform background; the areas _ 
of DAB oxidation, indicating localization of specific 
antigen-antibody complexes, appeared as dark gold- 
brown to black granules. 

Each time the reaction was run, sections were also 
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Fig. 1. The normal anatomy of a human placental villus. Note the syncytiotrophoblastic layer sur- 
rounding a connective tissue core. (Hematoxylin and eosin, x750.) 


Fig. 2. The villus as prepared by the complete immunohistochemical reaction. Note that only cells of 
the syncytiotrophoblast show staining. Although nuclei of this cell type are clearly labeled, the 
cytoplasm and the nuclei of cells at the villar core are not labeled. (Immunohistochemical detection of 


178-estradiol dehydrogenase.) (x 750.) 


incubated with normal rabbit serum (NRS) or with 
rabbit anusera prepared against highly purified epi- 
dermal growth factor (EGF) and nerve growth factor 
(NGF), these reagents served as (negative) immu- 
nologic controls. Additional sections were only exposed 
to PBS and then stained with DAB to demonstrate en- 
dogenous peroxidase activity and nonspecific staining 
of the tissue. These tissues were compared with sec- 
tions similarly prepared but exposed to hydrogen per- 
oxide and normal goat serum as a means of obviating 
these two effects. 

The diluted E,DH-AB was mixed with highly puri- 
hed enzyme, supplied by Dr. James Warren, Washing- 
ton University, St. Louis, Missouri, and incubated at 
room temperature for 2 hours. Untreated antiserum 
was allowed to remain under the same condition as a 
thermal control. Both antisera were used in the stain- 


ing techniques described above and served as addi- 
tional mmunocytochemical controls. 


Results 


Placenta. Both immunostaining systems gave virtu- 
ally identical results when applied to term placenta. 
The cytoplasm of syncyuotrophoblast showed an ap- 
preciable concentration of dark-brown granules, as 
did each syncytiotrophoblast nucleus (Figs. | and 2). 
Within the villus core, however, cytoplasm and nuclei 
of all cells consistently failed to stain, thus serving as 
controls for nonspecific nuclear staining and for re- 
gional differences within the sample. 

Endometrium. Although convincing and selective 
placental immunostaining was always demonstrated, 
specific staining in samples of secretory endometrium 
was never obtained. 
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Fig. 3. When another serum (antiectodermal growth factor) was substituted for the specific an- 
tiserum as an immunologic control, the placental tissues showed no detectable staining. Immu- 


nologic control.) (x 750.) 
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Fig. 4. The same serum which gave the marked staining reaction documented in Fig. 2 failed to stain 


the tissue when it was premixed with the purified enzyme 


Control. Adjacent sections treated with the full 
complement of immunologic reagents but lacking 
either DAB or peroxide showed no staining reaction. 
Replacement of the specific Eg DH-AB by either NRS 
(Fig. 3) or by rabbit anti-mouse EGF or NGF did not 
stain the tissues. When E,.DH-AB was mixed with an 
excess of the purihed placental E,DH, the staining 
reaction was abolished (Fig. 4). Unabsorbed E,.DH-AB 
that was allowed to remain at room temperature for the 
same period gave positive staining. 

The initial treatment of tissues with NGS was a cru- 
cial step in revealing specific staining. Without this step, 
both placenta and endometrium demonstrated intense 
staining, regardless of which rabbit sera was 




















used. The 
use of hydrogen peroxide as a blocking agent of en- 
dogenous peroxidase activity was a useful adjunct in 
further reducing background staining. The application 
of hydrogen peroxide and NGS in concert produced a 
nearly clear background in controls against which 
specific staining could be easily and reliably judged. 








. (Immunologic control.) (x 750.) 


Comment 


It is difficult to rule out the possibility that the nega- 
tive results obtained with endometrial tissue were due 
to lack of sensitivity of the method rather than to im- 
munologic differences between the placenta and en- 
dometrial dehydrogenase. The latter, however, is the 
preferred interpretation since histochemical methods, 
said to be less sensitive than the immunohistechemical 
procedure used in this work, have revealed the pres- 
ence of EDH in glandular epithelium of secretory en- 
dometrium.* It should be noted, however, that the 
sensitivity of the two methods was not formally com- 
pared in the present work. Furthermore, differences in 
the association of the enzymes with particulate subcel- 
lular structures in placenta and endometrium?’ can also 
affect the reactivity of EDH with the antubodies. 

An intense immunohistochemical staining of nuclei 
of the syncytiotrophoblast was observed in this study. 
The reaction was specific, since the nuclei of adjacent 
placental cells and all nuclei of the endometrium failed 








to stain. It is not clear whether the reaction was in- 
‘tranuclear or perinuclear, so that the significance of 
this finding is not known. It is relevant to indicate that 
the activity of 17@-estradiol dehydrogenase in bovine 
-placenta has been reported to be preponderantly lo- 
‘cated in nuclei.” 
-© The immunologic dissimilarity between the placen- 
tal and endometrial 178-estradiol dehydrogenase m 
¿women which was suggested by this study indicates: that 
enzymes with the same catalytic function in various tis- 
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sues may differ structurally and, as a consequence, may. ss 
vary in their substrate specificity, their affinity to per- : 
cursors and products in reversible reactions, and their 

intracellular localization. 


The preparation of E,DH and E,DH-AB was carried 
out at the Laboratory for Human Repreduction and 
Reproductive Biology, Harvard Medical School. In 
addition to supplying the material, the late Dr. Lewis L. 
Engel and Dr. E. V, Groman and Dr. H. Lubbert were 
extremely helpful. — | 
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The management of paleni with premature rupture of membranes (PROM) poses one of the most 
“serious dilemmas in obstetrics. since PROM significantly increases the likelihood of prematurity and 
serious perinatal infection. Early infection is not reliably predicted nor detected by standard 
-laboratory parameters. Serum C-reactive protein (CRP) levels were assayed along with white blood 
cell count, differential, and temperature course in patients with PROM and controls. Elevated CRP 
very accurately divided patients with evidence of infectious morbidity from those without such 
evidence (p < 0.001). In 109 patients there were 11 false negatives and no false positives. in 14 of 
20 patients followed with serial comparisons who developed morbidity, CRP became elevated at 
least 12 hours prior to any other parameter measured. Changes in the other six patients were 
concurrent. The results suggest that CRP may be a reliable, early predictor of infectious morbidity 
and thus may be of benefit in the selective management of patients with PROM. (Am. J. OBSTET. 


GYNECOL. 138:648, 1980.) 


THE MANAGEMENT of patients with premature rup- 
ture of membranes (PROM) represents one of the most 
serious dilemmas in obstetric practice. Removal of the 
barrier to ascending infection dramatically increases 
the likelihood of the development of chorioamnionitis 
and generalized fetal or maternal infection. Conserva- 
tive management, however, has prolonged some preg- 
nancies for as much as several weeks, permitting sig- 
nificant development of the fetus and thus markedly 
reducing morbidity and mortality due to prematurity. 

The ability to detect early infection would allow 
further maturation of the fetus, yet minimize the se- 
quelae of infection. Early infection is neither reliably 
predicted nor- doc umented by current laboratory pa- 


rameters. However, there are certain manifestations of 
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early infection that can be determined in serum and 
could have clinical application. 

C-reactive protein (CRP) was first described by Tillet 
and Francis! in 1930. Lofstrom? * later detected an 
“acute phase protein” in serum and identified it as 
CRP. Further investigation has shown that serum levels 
of CRP increase with chronic inflammatory processes, 
infection, and tissue necrosis.~® Recently, Hajj and as- 
sociates’ have revived interest in CRP and used a quali- 
tative assay to differentiate inflammatory trom non- 
inflammatory gynecologic pathologic conditions. 

Although quantitative assays of levels of CRP have 
been developed in the past 15 years, the techniques 
often required several days for completion.* More re- 
cently, accurate methods have been developed (using 
purified CRP and monospecific antibody) that have al-_ 
lowed much faster results. Thus, the purpose of this 
study was to assess the predictive value and accuracy of. 
measurements of serum CRP in patients with PROM 
who were at high risk of developing infectious mor- 
bidity. 


Method and materials 


The study group was comprised of patients who pre- 
sented to the labor ward of the Chicago Lying-In Hos- 
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Fig. 1. Percentages of patients with morbidity are defined for given serum concentrations of 
C-reactive protein. The vertical dashed line represents the arbitrary demarcation. point dividing 


elevated from nonelevated levels of CRP. 


2 pital at 36 weeks’ gestation or less and who had a diag- 
nosis of ruptured membranes. Controls were patients 
with spontaneous rupture of membranes at term (= 37 

_weeks, SROMAT), preterm labor with intact mem- 
branes (<36 weeks, PTLIM), and term labor with intact 
membranes (237 weeks, TLIM). No patients with in- 
tercurrent illnesses, such as systemic lupus erythe- 
matosus or rheumatoid arthritis, in which serum levels 
of CRP are often elevated, were included in the study. 

> Serum levels of CRP, white blood count (WBC), differ- 
ential, and temperature course were followed serially at 

12- to 24-hour intervals in patients who were being 
managed conservatively. CRP levels were not known to 

the physicians who were treating the patients during 
ce the study. 
Infectious morbidity was defined as any of the fol- 
ing antepartum events: temperature = 37.5° C, ma- 
te nal or neonatal infection by culture, histologic 
chorioamnionitis, increase in WBC of 50% over base- 
8 Jine values, more than six bands on differential, or any 
toxic granulations in white cells. Placental evaluations 
ts, were performed. by attending pathologists unaffiliated 
p with the study. 
i (ranceanve one ot CRP were Perr nen 



















vente sanda ‘ds Calbiochem: “Behring Corp: La Jolla, 
- California) using the Beckman Immunochemistry ana- 
Yzer (Beckman Instruments Inc., Fullerton, Cali- 





Statistical analyses were performed wherever appro- 


priate by means of Students t test and chi-square 
analyses. | 


Results 


One hundred nine patients were studied from all 
groups: 36 with PROM, 27 with SROMAT, 6 with 
PTLIM, and 40 with TLIM. Overall. 41 patients devel- 
oped evidence of infectious morbidity. 

The vast majority of nonmorbid patients (63/68) had 
no detectable levels of CRP. The other five had levels 
always less than 2.mg/dl. All 30 patients with elevated 
CRPs «22 mg/dl) had evidence of morbidity. With 2. 
mg/dl used as an arbitrary demarcation point, CRP di- 
vided morbid from nonmorbid patients with great ač- 
curacy (x? = 65.0, p< 0.001). There were no false 
positives. There were 11 false negatives which were 
also net detected by the other laboratory parameters 
employed. Six patients had. histologic chorioamnionitis, 
four had low-grade fevers (<37.8° C) without histologic 


confirmation, and one infant had. neonatal infection ate. 


with beta-streptococcus organisms and did well after 
antibiotic treatment (Fig. 1). 

Divided by categories, CRP levels tended to be 
higherin patients who also had more than one parame- 
ter suggestive of morbidity (Table I). Unfortunately, 
not all patients or placentas were cultured, so that a few 
patients who may have had infections were only 
officially recognized by other parameters. Overall, 97% 
of all patients with elevated CRP had histologic confir- 
mation of morbidity. 

Mean levels of CRP were very signnificantly elevated 
















Table I. Patterns of morbidity associated with C-reactive protein (No. of patients) 


Positive histologic findings, | Positive histologic findings, 
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active ] rotein and other parameters in patients with and without morbidity (x + SD) 


Patients with premature 


All patients rupture of membranes 
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infectious no evidence infectious no evidence 
| morbidity of morbidity morbidity of morbidity. 
Parameter in = 41) p (n = 25) (n = TI) p 


C-reactive* protein (mg/dl) 4.1434 0.1 + 0.3 <0.001 4.9 + 3.4 0,1 + 0.5 <0,001 
White blood-count* (10* cells/ec)) 13.6 + 3.5. 10.0 + 2.5 <0.05 14.0 + 3.6 0.4 + 2.3 <0.001 
Bands (per* 100 white cells) 3.6 t 4.4©: AQ & 2.7 <0.05 4.5 + 5.2 0.8 + 1.0 <0.001 
Age (yr) ~ 24.7 = Gee 25.9 = 5.2 NS 25.8 + 5.1 22.0 + 2.4 <0.01 
Gravidity 3.2 + 2.0 BOFS NS 3.8 + 2.0 S12 G9 NS 
Parity 13+ 1.6 List 13 NS 18+ 1.8 0.9 + 0.8 NS 
Gestational age at delivery (wk) 33.5 + 6.3 37.6 + 3.8 <0.001 29.8 + 5.0 32.0 + 4.4 NS 
Fetal weight (grams) 2,145 + 1,004 2,821 + 772 <0.001 1,583 +789 1,949 + 661 NS 





All p values were obtained by Student's t test. NS = Not significant. 
*Values used were highest antepartum levels (all three tests were run on all samples of blood), 


in patients with morbidity (4.1 mg/dl) in contrast to 
| those im pa jents wi thout evidence of mor nay 1 l 













g f ri € dene eries 
in PROM patier -ontrols (Table I). 

The findings : ubset of patients with PROM 
who: were followed. sequentially were very similar to 
; those i in the entire: group (Table H). The marked ele- 
© vation of CRP in patients with morbidity was again 
noticed, along with increased WBC and bands. Of the 
> 36 patients with PROM, 31 were correctly categorized 

-by CRP (Table HHI). In 14 of 20 patients with PROM 
who dev eloped morbidity, CRP became positive at least 

12 hours before any other parameter. For the other six 
patients, CRP became elevated concurrently with at 
least one other parameter. 
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Not counting CRP, 10 patients with PROM first 
demonstrated signs of morbidity by changes in the level 
of one parameter only (elevated WBC, bands, tempera- 
ture, or the presence of toxic granulations). For this 
group, CRP levels, which were determined at the same 
time, gave a 100% predicted rate of morbidity as 
defined by histologic or culture findings (eight true 
positives, two true negatives, no false negatives, and no 
false positives). 


Comment 


Few obstetric problems have evoked more continu- i 
ous controversy than the management of. premature | i 
rupture of membranes. Prior to the advent of power- E 
ful broad-spectrum antibiotics, sophisticated intensive- 
care nurseries, or safe tocolytic agents, PROM posed a | 
major threat to the mother and little chance of surviv al 
for the fetus. At present, the ability to treat serious 
infection, salvage low- -birth-weight infants, and stop 
labor has had an obvios impact on the philosophy of 





able HI. Accuracy of C-reactive protein prediction of infectious morbidity 
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AOR Positive CRP Negative CRP Negative CRP 
Patient groups with morbidity with no morbidity with morbidity with no morbidity Totals 
_ Premature rupture of — 20 Gw i 0 36 
“. membranes (=36 weeks) 
Spontaneous rupture of = l 3 0 27 
membranes at term 
- (=37 weeks) 
Preterm labor with intact Fa: I 0. 9 6 
membranes (536 weeks) er Pe oo 
oo "Ferm labor with intact . o oe 8 g 0 40 


membranes (>37 n “ee S a 





*Two with low-grade fevers (378 8° Ch three with histologic chorioamnionitis. 
*Four with low-gr ade fevers. { 37.8" C); six with histologic chorioamnionitis; one neonatal infection. 


"management. At the Chicago Lying-In Hospital a 
large proportion of the patients are indigent and at 

l high risk for PROM as well as subsequent infection 
(25/36). Therefore, expectant management of PROM 

-© would be quite risky in such a population without a 

‘means of detecting early infection. 

The results obtained in the study suggest that levels 
of CRP accurately indicate early infection. Elevated 
levels of CRP herald a high likelihood of the develop- 
ment of morbidity. In 14 of 20 patients who developed 
morbidity (and for whom comparisons were possible), 
elevated CRP measurements were obtained at least 12 
hours before any other parameter (temperature, WBC, 
or differential) suggested infection. There were no 
false elevated levels of CRP. 

It is well known that the standard indicators of infec- 
tion, including the WBC, differential, and erythrocyte 
sedimentation rate, are affected in a variable fashion by 
the menstrual cycle, pregnancy, and especially labor. 

_ Margination subsequent to stress causes difficulty in 
interpretation of an increased WBC. An increased 

_ number of band forms, the presence of toxic granula- 

| < tions, or phagocytosed bacteria are more definitive in- 
tors, but often. are not reliably detected at early 
iges of infection. In 10% of the patients studied, CRP 
e i5 falsely negative, with early, infectious processes 
‘ ere also were eee me all other EPRE pao 










E oe ence of E a hee Hever: on had 
-low-grade fever without histologic evidence of chorio- 
--amnionitis, and one infant had a beta-streptococcal in- 
K fection that responded well to antibiotic therapy. Al- 
-though we have included histologic chorioamnionitis as 
an end point in those cases which were assumed to be 
positive, one should be aware that the mere presence of 

_ leukocytic infiltration need not indicate clinical mor- 
bidity. At C hicago Lying-In Hospital, we have found 














that about one third.of a placentas demonstrate 
leukocytic infiltration. With these statistics in mind, one 
might reduce further the. true incidence of false ne ga- 
tives, and a few false positives might emerge. Such data 
may reflect samples: drawn before significant. stimuli 
were present to effect any changes or may be an inher- 
ent limitation of the test. In afew patients with 
chorioamnionitis, CRP in amniotic fluid could not be 
detected even after 100-fold concentration, Such data 
if confirmed by larger sample numbers may confirm 
that the mother is the sole source of elevated serum 
CRP. | 

Assay of serum levels of CRP seems to have certain 
significant advantages over current methods of detect- 
ing infection in PROM. An elevated level of CRP indi- 
cated morbidity in 100% of patients in the study, Con- 
trary to the data in previous studies, in which there was 
incomplete placental evaluation, ® CRP. levels. became 
elevated in labor only when: chorioamnio: itis or: other 
infectious processes develope - those cases of 
PROM in which infection was suggested by only «< one 
standard clinical paramet + beci 
predicted histologi 
100% accuracy and thus 
chnical dilemma. In 979 ; 
CRP, there was histologic confi cof morbidity. | 
Finally, the data demonstrate the potential usefulness of 
serum levels of CRP in the diagnosis of early infection. 

Current philosophy of management in cases of 
PROM at the Chicago Lying-In Hospital has evolved 
toward a “selective conservatism.” In gestations of 34 
weeks or beyond and/or fetuses estimated to weigh at 
least 2,000 grams, the hazards of infection usually out- 
weigh those of prematurity in the infant population. 
Therefore, the group which presents the greatest di- 
lemma consists of fetuses of 26 to 33 weeks’ gestation or 
those who weigh 750 to 1,500 grams, for whom pre- 
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course. The use “os CRP. may thus. aid in a pedueing the 
number of infants deliver ed unnecessarily because of 
PROM and allow prompt intervention for those pa- 
tients who are developing chorioamnionitis. a 
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The relationship between myometrial activity and 
sleep state and breathing in fetal sheep throughout 
the last third of gestation... 





P. W. NAT HANIELSZ* . 


A. BAILEY 
E. R. POORE 
G. THORBU RN 


R. HARDING 


Brisbane, Australia . 


Between. 106 and 144 days’ gestation, periods of uterine electromyographic (EMG) activity and 
associated increases in uterine tone (contractures) were accompanied by a change in fetal ocular 
activity in 294 (63%) of 467 cases. In 260 (88.4%) of the changes; there was a switch from the 
active to nonactive state. The incidence of this change was significantly greater {p < 0.01) than the 
switch from the nonactive to the active state. The fetal electrocorticogram changed state in 34 
(74%) of 46 contractures, the change being from low-amplitude to high-amplitude activity in 28 
(82%) of the cases. This difference was significant {p < 0.01). Fetal breathing movements (FBM), 
as indicated by activity of the posterior cricoarytenoid muscle, changed in 134 (55%) of 248 
contractures, the change being from active to the quiescent state in 115 (85%) of contractures. 
Diaphragmatic activity changed in 111 (61%) of 183 contractures, with a change from activity to 
quiescence occurring in 100 instances (90%). Changes in tracheal pressure were associated with 
an altered state of FBM in 190 (61%) of 314 contractures, and the change was from the presence 
of FBM to absence of them in 178 (94%) of the changes. In all three of these indicators of FBM, the 
change from breathing activity to quiescence was statistically significant (p < 0.01). (AM. J. OBSTET. 


GYNECOL. 138:653, 1980.) 


INTRAVASCULAR Po, has been measured in fetal 
sheep by means of an indwelling miniaturized Clark 
electrode.’ Fetal vascular Po, was shown to change 
continuously i in normal preparations over the period of 


Be, -105 days’ gestation to delivery of viable lambs. Slow 


3 falls i in fetal vascular Po, of more than 2 mm Hg were 
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demonstrated to be related to slow changes in basal 
uterine tone (contractures) that reached at least 3.5 mm — 
Hg above the previously existing intrauterine pressure 
(IUP) ane that lasted at least 5 minutes. The incidence 
of contractures remained constant over this period at 
approximately one per hour. These observations led to 
the hypothesis that rhythmic changes in fetal in- 
travascular Pos, caused at least in part by alteration in 
uterine tone, may influence fetal neural activity,’ 

The purpose of the present study was to relate the 
contractures to two indicators of fetal sleep state, 
the electro-oculogram (EOG) and electrocorticogram 
(ECoG), and fetal breathing movements (FBM) as 
reflected by fluctuations in tracheal pressure (TP) and 
the electromyographic (EMG) activity of two muscles of 
inspiration, the diaphragm and posterior cricoary- 
tenoid (PCA). PCA EMG activity has been shown to be 
a reliable index of FBM.2 Some of this material has 
been presented in a preliminary form.’ 
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*These two fetuses were eventually used for other exper iments. 


+Fetus 12 was stidied solely for the relationship of changes in chest wall dimensions (CWD) and IUP. 


Material and methods | 

Twelve date-mated pregnant Merino ewes at 106 to 
144 days’ gestation were used for this study (Table I). 
The ewes were not starved prior to operation, which 
was conducted with the ewes under 1.5% halothane in 
oxygen after tracheal intubation. Fetal eee cathe- 
terization was performed at 100 to 125 days’ gestation, 
as previously described.' Samples of fetal blood were 
withdrawn at frequent intervals for the measurement 
of Poz, Pcog, and pH on a Corning blood gas analyzer. 
An open- -tipped | 
0.86 mm inner ‘diameter; SV65 Dural plastics) was in- 
serted into the amniotic cavity at the time of operation 
in order to measure intrauterine pressure. 

Measurement of TP. An open-tipped catheter with 
one side hole (1.52 mm outer diameter, 0.86 mm inner 
diameter; SV65 Dural. plastics) was inserted 6 cm into 
the trachea through. an incision through a tracheal car- 
tilage approximately. 2 cm below the thyroid cartilage. 
The catheter was exteriorized to the ewe’s flank, where 
it terminated in a three-way stopcock. With the stop- 
cock connected to a Statham P23 1D transducer at- 
tached to the sheep cage, changes i in TP were recorded 
on a four-channel Grass Model 7D polygraph. 

EMG of respiratory muscles. EMGs of two inspira- 
tory muscles, posterior cricoarytenoid and the dia- 
phragm, were recorded with the use of vinyl-insulated 


catheter (1.52 mm outer diameter, 





multistrand stainless steel wires (Cooner Sales Co., Cat. 
No. AS632).2 The wires were sewn into the muscles in 
such a way that a bare portion of the wire (1.0 to 1.5 
mm) remained within the muscle. A pair of wires was 
introduced 2 to 3 mm apart at each site. An indifferent 
electrode: serving all EMG. recordings was inserted sub- 
cutaneously over the thorax. The wires, along with the 
catheters, were then’ passed through the ewe's flank. 
The signals were amplified by means of alternating- oe 
current coupled amplifiers. with high- -pass filtering, ato 
80 Hz. The integrated form of the EMGs was displayed 
on the polygraph by means of a Grass 7P3 amplifier 
with a time constant of 50 msec. 

Access to the PCA was obtained by means: of an inci- 
sion in the inferior pharyngeal constrictor muscle after — 
partial rotation of the larynx. The muscle of the dia- 


phragm was approached through an incision between <a 


the tenth and eleventh ribs. The electrodes were intro- 
duced 10 to 15 mm from the costal margin, oo o 000 
Recording of ECoG and EOG. The fetal ECoG. was 
recorded from a pair of silver electrodes placed on the 
dura overlying the parietal lobes, 1.0 to 1.5 cm on 
either side of the midline. The electrodes were insu- 
lated apart from their t ps and were cemented into po: 
sition on the skull by means of cyanoacrylate adhesive. | 
They were connected to stainless steel wire as used in 
EMG recor ding. Ocular activity. (EOG) was detected 





Fig. 1. Relationship of IUP and uterine electromyogram at 115 days’ gestation. Calibration bars: 
TUP, 25 mm Hg; uterine EMG, I mV. oS 


from a pair of bared stainless steel wires sewn sub- 
cutaneously at the margins of the orbit, above and 
below the eye. 
Recording of uterine EMGs. A pair of EMG elec- 
trodes, as described above, was sewn 5 to 8 mm apart 
into. the myometrium. of. the. pregnant horn of the 
| uterus. They were situated on the greater curvature 6 to 
12cm from the tubal extremity. The signals derived 
‘from these electrodes were amplified and high- -pass 
filtered at 0.3 Hz. A third electrode that served as an 
.. indifferent electrode was placed 2 cm from each 
-Recording of chest wall dimensions (CWD). Pairs of 
> ultrasound transducers were attached to the fetal chest 
in two animals. In one (No. 8), they were placed on the 
dorsoventral axis at the level of the xiphisternum. In 
the other (No. 12), they were placed transversely across 
the chest in the axillary line on each side at the level of 
the seventh intercostal space. Continuous measure- 
ments of the separation between the transducers were 
made by means of a technique described previously. 
Definitions used for scoring the changes in in- 
trauterine pressure (IUP), sleep states, and fetal 
breathing movements. 
O Definition of contracture. Contracture is a change in 
FUP that reached at least 3.5 mm Hg above pre-existing 









basal pressure and did not return to the previous 
baseline pressure for at least 5 minutes. 

Definition of different EOG states. (+) = Sustained ocu- 
lar activity; (~) = absence of sustained ocular activity. 

Definition of different ECoG. states. (+) = ECoG of low 
frequency and high amplitude: {=} = ECoG of high 
frequency and low amplitude. 

Definition of fetal breathing state from tracheal pressure 
records. (+) = Movements that produced changes in 
tracheal pressure consistently greater 







n 2.5mm Hg; 
(~J)= no chan ges in tracheal pressure consistently 
greater than 2.5 mm Hg. 

Definition of fetal breathing state from diaphragmatic or 
PCA records. Bursts of diaphragmatic or PCA activity 
were scored individually; therefore, change of state 
could be directly quantified (see below). 

Definition of the four possible state relationships OCCUTTINE 
at the time of a contracture. 

TP, ECoG, anD EOG RECORDS. 

L (+)/{~); (+) = State that existed for at least ? 
minutes prior to a change to (~) state that lasted at least 
5 minutes, The change had to occur during the con- 
tracture. The short period of 2 minutes was chosen for 
the original state since this period was considered to be 
long enough to establish the state: if the period was 
longer, it could be argued that there would be a natural 
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Fig. 2. Relationship of ECoG, EOG, PCA, and ITP at 134 days’ gestation. Calibration bars: ECoG, 
100 nV; EOG, 100 pV; ITP, 25 mm Hg. 


Table II. Incidence of the various state changes for the two sleep states and three indices of fetal 


breathing movements 











No. of 


animals studted 


Total No. of 
CORLY CET ES 








EOG 8 467 91 
ECoG 2 46 3 
PCA 4 143 49 
TP 6 314 40) 
Diaphragmatic EMG 3 183 34 


(++) 











EP*- 


(+) ~) (mean + SEM) 


260 82 34 0.884 + 0.019 <0.01 

6 9 28 0.076 + 0.065 <0.01 
115 60 19 0.858 + 0.3 <0.01 
178 84 12 0.937 + 0.018 <0,0]1 
100 38 1] 0.901 + 0.028 <0.01 





*The estimated proportion (EP) is the proportion of (+)/(-) changes as designated in Equation | in “Materials and methods.” 


allowing a weighting for the sampie size. 


The probability relates only to the changes in state as discussed in “Material and methods.” 


tendency for the change to occur spontaneously. The 
longer period of 5 minutes was chosen for the new 
state to weight the scoring against chance, short-lived 
changes influencing our hypothesis positively. 

2. (+)/(+); (+) = State that existed before the con- 
tracture and continued throughout. 

3. (~)/(—): (~) = State that existed before the con- 
tracture and continued throughout. 

4, (—)/(+): (~-) = State that existed for at least 2 
minutes prior toa change to (+) state that lasted at least 
5 minutes. The rationale for the choice of times was the 
same as discussed above for the (+)/(—) state change. 

DIAPHRAGMATIC AND PCA EMG RECORDINGS. Initial 
period was scored (+) if there were continuous bursts 
of diaphragmatic or PCA EMG activity, (—) if the inci- 
dence of bursts of diaphragmatic or PCA activity was 
less than four per minute. A 50% change in the num- 
ber of bursts of diaphragmatic or PCA EMG activity 


was scored (+) or (~) at any ume during the contrac- 
ture and lasting at least 5 minutes. 

Statistical analysis. As described above, contractures 
could be accompanied by four different combinations 
of state of each biophysical variable ( +)/(+) and (-)/ 
(—) when the state that existed before the contractu re 
did not change in relation to the contractu re, and 
(+)/(—-) and (—)/(+) when the contracture was associ l 


ated with a change of state. The states (+)/(+) and - 


(~)/(-) represented continuation of state and were not 
integer values. at 

We have analyzed only the changes of state, since 
these were integer values, Under the null hypothesis of 
their being no association between the change in IUP 
and the various biophysical activities, it would be ex- 
pected that any change in the various activities occur- 
ring during the contracture would be (+)/(—) or {~V 
(+) with equal probability. Therefore, a test of associa- 








Fig. 3. EREA of IUP, Uterine EMG, diaphragmatic EMG (Diaph.), and EOG at 126 days 
gestation, Calibration bars as for previous figures. 


tion would consist of a comparison of the proportion in 
Equation 1. 
sl sA (1) 
ee aaa) aA an a 


This method of testing whereby only changes in ac- 
tivity were used was considered to be necessary because 


of our inability to analyze by eye the proportions of 


time in each different state over the whole period re- 
corded. Any statistical analysis on the state (+)/(+) or 
(~)/(-) could only be performed after detailed com- 
puter analysis to establish the total time in the various 
states and a satisfactory weighting of the many inter- 
mediate areas in which the actual state was not totally 
clear. 


Results 


Animals used and outcome of the various prepara- 
tions. The details on the 12 animals used are shown in 
Table I. No studies were performed during the first 48 
hours postoperatively, and observations were made 10 

_ to. 20 days after fetal catheterization in five animals. 
l ‘Ten ewes were allowed to go into labor; in nine 








etus was alive and well when labor commenced. 
- fetuses were delivered alive. No observations ob- 
tained within 72 hours of fetal death in utero were 
analyzed. Blood gases were within the normal range 
ee (jugular pH 7.35 + 0.001; Pco, 42.1 + 0.7 mm Hg; 

l Pos 19.0 + 0.3 mm Hg-~Mean + SEM, n = 85). 
_ Frequency of contractures. In 712 hours of record 
analyzed in ll animals there were 675 contractures. 
The incidence of contractures in individual prepara- 
tions ranged from 0.5 to 2.0 per hour, with an average 
incidence of 0.9 per hour. 

Relationship of contractures to myometrial EMG. 
In the six preparations in which uterine EMG leads 
«were applied, contractures were always accompanied 








by a burst of EMG activity (Fig. 1). The electrical activ- 
ity consisted of groups of spikes 0.5 to 2 mV in 
amplitude. Bursts of EMG activity were frequently seen 
which were not accompanied by an increase in IUP. 
Therefore, the incidence of bursts of EMG activity was 
greater than the incidence of contractures as defined 
above. 

Relationship of contractures to fetal sleep state. In 
467 contractures in eight animals there was a change in 
ocular activity (EOG) in 294 (63%). In 260 of these 
changes (88.4%), the change was from a state in which 
ocular movements were present (+) to one in which 
they were absent (—) (Figs. 2 and 3) (Table 11). The 
occurrence of the (+)/(-) change was significantly 
greater than the (—)/(+) change (p < 0.01). 

In the two animals in which ECoG was analyzed, 
there was a change of state in 34 (73.9%) of 46 contrac- 
tures. The (~—}/(+) state change (Fig. 2) occurred sig- 
nificantly more frequently than the (+)/(—) change 
(p < 0.01; Table II). 

Relationship of contractures to three indices of 
fetal breathing. Change of state occurred in 55.1%, 
60.7%, and 60.5% of contractures for PCA, dia- 
phragmatic, and TP recordings, respectively (Table H, 
Figs. 2, 3, and 4). The change during the contracture 
was (+)/(~) in 85.8%, 90.1%, and 93.7% of these con- 
tractures for PCA, aaehraem, and TP, respectively 
(p < 0.01) (Table IHD). 

Relationship of contractures to CWD. In both 
fetuses into which ultrasound transducers had been 
implanted, changes in CWD occurred in relation to the 
contractures. In the fetus with dorsoventrally posi- 
tioned transducers, CWD showed only reductions of 
up to | cm during many, but not all, contractures (Fig. 
4). In the other fetus with bilaterally placed transduc- 
ers, the distance between the transducers increased by 
up to 1.5 cm (Fig. 5). The change in the bilateral di- 





Fig. 5. Relationship of IUP, Uterine EMG (UŁ), and CWD. Diaphragmatic EMG (Diaph.) and EOG at 
137 days’ gestation. Calibration bars as in previous figures. CWD = distance, in centimeters, between 
bilaterally placed transducers in the midaxillary line at the level of the seventh intercostal space. 


mension occurred more consistently than that in the 
dorsoventral dimension. 


Comment 


In most studies of the. phy siology of the sheep fetus 
in late: gestation, IUP has not been recorded and the 
presence of contractures has gone unnoticed. When- 
ever they have been noticed, their potential physiologic 
significance has not been discussed. The causal rela- 
tionship of these tonic IUP. changes to myometrial con- 
tractions has been clearly demonstrated by the close 
relationship of the contractures to electromyographic 
activity of the uterus. Contractures are, therefore, not 


caused by other muscular activity, 
of the rumen or postural chan 
quency of the contractures. in 
hours was 0: 96° per hour. T 
the incidence of 0.94 per hour ii 
hours reported. previously.! a Ee ete 3 

The absolute value of IUP measured with either bap E 


such as movements 
he overall fre- 








loon | or open-tipped catheters in the pregnant sheep 
shows considerable variation from animal to animal. 


Direct observation of the uterus at the time of opera- 
tion for the implantation of vascular catheters shows — 
that contractures are localized to differing areas of the 
uterus and occupy varying amounts of myometrium. 





co Thus, equivalent changes in IUP may represent vary- 
ing amounts of development of tension in different 


areas of myometrium. The tip of an open-tipped cathe- 
ter may become partially blocked by membranes. For 
these theoretical and methodologic reasons the- IUP 
changes recorded vary from animal tø animal; but our 


experience has been that contractures are present in all 
‘pregnant ewes beyond 100 days’ gestation, The ability 
-of contractures to produce marked distortion of the 


fetal thorax (Figs, 4 and 5y: illustrates their extent and 
suggests that they are c: able of altering the nature of 
the sensory input to which ‘the fetal nervous system is 
‘exposed. ee, 

Passive changes i in UP cdused by differences in ma- 








E ernal posture—especially lying down—did not SRPA 


ently affect fetal sleep state or breathing movements. 
We previously presented preliminary data that dem- 
onstrated a temporal relationship between contractures 
and high-amplitude, low- -frequency ECoG activity. In 
the present study, we demonstrated that a change in 
EOG and ECoG states occurred in 63% and 74% of 
cases, respectively. Although these are high figures, 
their statistical significance cannot be calculated unless 
a clear analysis of the period of time spent in each state 
can be made. Although estimates of the time spent in 
each state have been made by different authors,“ 
these reports do not state the detailed methodology 
used. In our opinion, arbitrary criteria and intricate 
computer analysis would be necessary to categorize the 
intermediate “states” adequately enough to permit an 
analysis based on all four possible combinations present 
before and during each contracture. The frequency of 

the two changes in state can, however, be analyzed, and 


the (+)/(—) and (—)/(+) states for EOG and ECoG, 
respectively, occur in a significantly higher frequency 
than would be accounted for by the null hy pothesis. 
Similarly. the proportion of (+)/(~) changes for the 
three monitors of FBM was significantly different from 
0.5. These findings are in agreement. with the posi- 
tive relationship demonstrated between low amp uae 








ECoG. activity of the ocular ‘muscles, and FBM.’ 

Variability in the extent of depr ssion of FBM dur- 
ing contractures, may ‘reflect difi 
mals in the various influences acting on the fetal respi- 
ratory center, and differences n the extent of IUP 
changes associated with the contra . According to 
the exact location of myome' ria ca wity, individual 
contractures may impair cotyledonary blood flow to 
differmg extents. Compensatory ¢ hanges inthe distri- 
bution of fetal and maternal blood. flow may also 
influence the final extent of the changes i in fetal sleep 
state and FBM associated. with contractures. in indi- 
vidual animals. In view of the multiplicity of factors 
affecting sleep state, the demonstration of such a 
strong relationship to contracture 1s remarkable. 

We previously suggested that rhythmic changes in 
fetal intravascular Pos, caused at least in part by altera- 
tion in uterine tone, are able to influence fetal neural 





er ences þetw: een ani- 

























ge contractures are es to fetal sleep: state arid 
FBM. Further experiments are necessary. to assess the 
exact temporal and causal relationships. However, the 
possibility that regular [UP changes constitute a major 
pathway whereby maternal rhythms affect the fetus 
remains an intriguing possibility. ae 
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In order to study the hormonal characteristics of human prolactin-secreting pituitary adenomas, in 
vitro monolayer and suspension cultures from human pituitary glands were established. Optimal 
conditions for cultures included enzymatic dispersion into viable single-cell suspensions with the use 
of 1% collagenase in phosphate-buffered saline solution. After pelleting the dispersed cells by 
centrifugation (800 rpm-for 10 minutes), they were cultured in RPMI medium that contained 20% 
fetal calf serum and then incubated at 37° C in 5% CO,. Cells were subcultured weekly at a ratio of 
one plate to two. in an attempt to establish whether bromocriptine has a direct inhibitory effect on 
pituitary secretion of prolactin (PRL), variable doses of bromocriptine were added to duplicate 
plates. The addition of bromocriptine to the culture medium induced suppression of PRL within 7 
days. In conclusion, this study demonstrated that either monolayer or suspension cultures of human 
PRL secreting adenomas can be established, and that bromocriptine in doses of 1 ng/plate or more 
has a direct inhibitory effect on the secretion of PRL. (Am. J. OssTeT. GYNECOL. 138:660, 1980.) 


SECRETION of prolactin (PRL) is controlled primarily 
by a neuroendocrine mechanism which is inhibitory in 
nature.” ? This inhibitory control is mediated by do- 
pamine.” Bromocriptine, a dopamine agonist, has been 
shown to inhibit the secretion of PRL.‘ In addition, in 
organ cultures of rat and human fetal pituitary glands, 
bromocriptine, in doses ranging between l and 5 

ug/ml, has been shown to have a direct inhibitory effect 


on the secretion of PRL. Recently, isolated reports 


have demonstrated that the administration of bromo- 
criptine to patients: harboring PRL-secreting pituitary 
adenoma did result i in an apparent regression of a su- 
prasellar extension of the adenoma.** This tumor re- 


gression has not been determined to be due to either a 
pituitary or hypothalamic effect. The monolayer and 


suspension cultures: developed i in this laboratory from 


surgically obtained human PRL-secreting adenomas 
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offer a further opportunity for studying this problem. 
This report illustrates a direct inhibitory effect of 
bromocriptine on the secretion of PRL from human 
adenomatous pituitary cells in vitro. 


Material and methods 

Pituitary adenoma cells were obtained from patients 
with amenorrhea-galactorrhea and hyperprolactine- 
mia who were undergoing transphenoidal sella explo- 
ration for treatment of previously diagnosed PRL- 
secreting pituitary adenoma. The surgically obtained 
specimens of human tissue were collected in sterile 
normal saline solution and transported immediately to 
the laboratory. Each piece of tissue was thinly minced, 
placed in 1% collagenase (Worthington) i in. phosphate- 
buffered saline solution (PBS), pH7 7-2, and mixed until 
the cells were dispersed. The time necessary for. com. 
plete dispersion of cells varied between 5 ‘and 20. min- l 
utes, depending on the thickness of the individual tis- 
sue. After, centrifugation (800 rpm for 10 minutes), the- 
cell pellet was resuspended in 4 ml of RPMI oo 
and placed in culture plates (60 by 15 mm) or flasks (75 | 
cm?) (Falcon Plastics) at a concentration 1 x 105 cells 
per plate counted in a hemocytometer. Cell viability, as 
determined by staining with trypan blue, averaged 
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Fig. 1. Phase contrast photomicrograph of an adherent culture of dispersed cells from a human 


PRL-secreting adenoma. (x 400.) 


80%. The RPMI medium (Irvine Scientific Co., Irvine, 
California) was supplemented with 20% fetal calf 
serum, penicillin (100 U/ml) and streptomycin (100 
pg/ml). The dispersed cells were incubated at 37° Cina 
5% CO, environment. The medium was changed every 
4 days, except with experiments in which bromocrip- 
tine was used, in which case medium containing bro- 
mocriptine was changed daily. When the monolayer 
culture plates became confluent, they were subcul- 
tured, usually on a weekly basis, with 1% collagenase in 
PBS to disperse cells. The suspension culture was also 
refed every 4 days and subcultured every 30 days when 
the medium became very turbid. Cell suspensions were 
pelleted at 400 rpm for 5 minutes in a table-top cen- 
trifuge. The resultant pellet was resuspended in fresh 
RPMI medium, triturated to disperse the cells, and 
further equally subcultured into new dishes at a ratio of 
1:2, maintaining a constant volume of 4 ml per plate. 
Cell-free aliquots of spent medium were collected and 
stored at ~20° C until PRL was measured by radioim- 
f munoassay (RIA) as previously reported.’ 

Bromocriptine mesylate (provided by Sandoz Co.) 
_ was initially dissolved in 0.024N HCl and 95% ethanol 
in a 9:1 ratio. Final concentrations were made with 
culture medium which was then added to the cells on a 
daily basis. Both monolayer and suspension culture 


n cells were treated with doses of 1, 10, and 100 ng, l ug, 
=< and | mg per plate per day. Control plates were treated 
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Fig. 2. Mean PRL concentration in medium collected from 
duplicate dishes of monolayer cultures, 4 ml/plate. 


only with the vehicle used to dissolve the bromocrip- 
tine. The results obtained in two different tissue speci- 
mens are reported here. 


Results 


The physical appearance of human cells from PRL- 
secreting pituitary adenoma in monolayer culture are 
















Fig. 3. Photomicroggaph representing a naturally occurring 
suspension culture of human PRL-secreting pituitary ade- 
noma. (x 100.) 


illustrated in Fig. 1. These cells were of irregular shape 
and adherent to the culture plate. Since these cultures 
had not been cloned, there was a mixture of epithelial 
and fibroblast cells. However, a significant number of 
PRL-secreting cells was initially present, as evidenced 
by the elevated levels of PRL found in the culture 
medium (Fig. 2).. The level of PRL detected in the 
medium was noti | 1 to drop over a 3-week period, at 
the end of whic v time a plateau of approximately 200 
d. This plateau was maintained for 
an additional mont ; thus allowing for sufficient ex- 
perimental time. After] primary dispersion, cells from 
one specimen remained in suspension and grew in 
large aggregates which progressively enlarged, result- 
ing in a turbid suspension (Fig. 3). These. conglomer- 
ates of cells were highly active secretors of PRL, with up 
to 40,000 ng/plate secreted over 4-day periods (Fig. 4). 
This suspension culture remained active for more than 
60 days. 

The experiments with bromocriptine were initiated 
on first-passage suspension cells with the use of the 













ber 15, 1980 
Am. J. Obstet. Gynecol. 


Ia ng rere Kamm pe HAs 
u oo jm ssn 


CELL | 
DISPERSION PASSAGE 


, 4 4 








1 CERES AORE REE SERS SOUT! RATA Cee 
1,000 010 20 30 40 50 60 70 


DAYS 


Fig. 4. Mean + SEM concentration of PRL in medium col- 
lected from six dishes of suspension culture, 4 ml/plate. 


dosage schedule previously described. The effect of 
bromocriptine on the release of PRL is shown in Fig. 5 
By the third or fourth day of treatment, the concentra- 
tion of PRL was reduced by 50%, whereas the control 
plates showed an actual increase in secretion of PRL. 
Although the control plates showed some decline in the 
secretion of PRL by the seventh day, the hormone level 
remained higher than the initial levels. In contrast, 
plates treated with bromocriptine released significantly 
less PRL {P < 0.001) at the end of the experiment than 
the controls. Fig. 6 illustrates a dose response with in- 
creasing doses of bromocriptine added to the suspen- 
sion culture. 


Comment 


The results of this study demonstrate that in vitro 
maintenance of human PRL-secreting pituitary ade- 
noma is possible either as a monolayer or suspension 
culture. The PRL released in early stages of culture 
most likely represents a combination of newly synthe- 
sized PRL and the preexisting, internalized PRL pres- 
ent at the time of initiation of the cultures. Although 
the amount released into the medium varied with the 
culture system used and the specimen, PRL was found 
in the cultures for a minimum of 2 months. 

The PRL collected over the life span of the cultures 
ranged up to milligram quantities, which represents an 
important and significant source of PRL available 
for numerous experimental purposes. Therefore, the 
amount of PRL collected from such cultures is sig- 
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Fig. 5. Effects of bromocriptine on secretion of PRL in sus- 
pension culture obtained. from human PRL-secreting pitu- 
itary adenoma. 


nificantly greater and less expensive than that obtained 
from normal human pituitary glands." Our findings of 
large amounts of secreted PRL are in agreement with 
those of Skyler and associates" of large quantities of 
PRL and growth hormone (GH) secreted in vitro by 
fragments of pituitary tumor from an acromegalic 
patient. 

The monolayered cells appeared to be a mixture of 
both epithelial and mesenchymal elements. As previ- 


ously reported, after 3 weeks in culture, their capacity 
to synthesize PRL, or at least to secrete it, gradually | 


diminished, and after 2 months this capacity was ma 
edly reduced." 1 T he — of long-term or 


a oft rat e a decile TF met pwidi greater rs ‘We 
_and others previously noticed that the establishment of 


in vitro oe of human paT adenoma i is s subject z 





tors in ihe T frn maintenance of actotr A or 
synthesis of PRL. eS 

he The suspension culture, which spontaneously arose 
rom a primary explant, was capable of secreting high 
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Fig. 6. Secretion of PRL i in suspension culeare wihi increasing oe: 


doses of bromocriptine. (aeri Projected « decline from con- 
trol.) AE 


levels of PRL. As indicated in Fig. 4, levels of PRL 
remained high and relatively constant in suspension 
cultures for 20: to 30 days. These readings, approxi- 
matelv 30,000 ng/plate, were the result of newly se- 
creted PRL, since the medium. was totally replaced 
every 4 days. This was followed by sharp declines in the 
secretion of PRL, and the cells were subcultured. Eight 
days later, levels of PRL were again high, similar to . 
those found prior to decline. This may indicate a need 
for subculturing at monthly intervals. Whether this line 
represents a unique transformant of a less adherent 
cell type is a moot point at present. However, this pre- 
liminary finding is of interest as a point of exploration 
in a complex area. Further experimentation is neces- 


sary. to determine whether suspension cultures will 


routinely allow for massive production of PRL, thus 


‘limi ating the | inconvenience or fibroblasts re in 


not cledr ly stated. 


at he “demonstrat 10 


iifference” cou wheal sete 
This response to 
dose seen in vitro may be an explanation for the clinical 
response in which doses of 20 mg per day were appar- 








ently sufficient to decrease the size of the tumor.®* . 
Further studies in vitro are necessary to determine the © 


effect of acute versus long-term dose-related treatment’ | 
on cell structure. 
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Addendum 


Since the completion of the present study, we were 
able to maintain in suspension six additional. human 
PRL- and growth hormone -secreting _ pituitary ade- 
nomas for up to 12 weeks. 
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Stimulatory activity of serum or. prolactin pronnenee 


by human decidua 
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Fetal calf serum (FCS) enhances the synthesis and secretion of prolactin (PRL) by explants of 
human decidua incubated in Gey’s balanced salt solution. In orde- to further characterize the factors 
involved in the prolactin-stimulating activity (PSA) of serum, decida was incubated in- Gey's. buffer 
alone and in buffer containing either FCS, bovine serum albumin BSA), or human serum, (HS). 
When buffer was supplemented with varying concentrations of FCS, 2 dose-related PSA was 
apparent between 0.1% and 10%. The PSA of FCS was not altered by either heating (85° C for 30 
minutes), boiling, or dialysis. The protein fraction of FCS; precipiteted with trichloroacetic acid, 
redissolved in dilute NaOH, and dialyzed against Dulbecco's phosphate buffer, demonstrated PSA 
comparable to that of whole serum. A similar concentration of BSA added to Gey's buffer did not 
stimulate the production of PRL by decidua. The PSA of human serum obtained from | 
euprolactinemic men and women was not different from that of FCS. These: cata indicate that FCS 
and HS contain a substance(s) (1) which stimulates the secretion of PRL by human decidua, (2) 
which is very stable, being resistant to-dialysis, boiling, and denaturation by trichloroacetic acid, (3) 
and which is most likely a large polypeptide with a molecular weight greater than 12,000 or a 
smaller moiety tightly bound to a protein. (AM J. OBSTET. GYNECOL. 738:665, 1980.) 


EXPLANTS of human decidua" ? and of chorion with 
adherent decidua® * synthesize and secrete immu- 
noreactive prolactin (PRL). When decidua is incubated 
in oxygenated Gey’s buffer, the amount of PRL pro- 
duced is significantly increased if the salt solution is 
supplemented with fetal calf serum, ê In the present 
study the prolactin-stimulating activity (PSA) of fetal 
calf serum (FCS) was further investigated in order to 
partially characterize the factor(s) involved. The effect 
of human serum (HS) upon the in vitro production of 
PRL by decidua was also determined and compared to 
that of FCS. 
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Material and methods. 

Fe:al membranes were removed from the placenta 
and. washed in normal saline solution immediately after 
delivery. The amnion was separated from the chorion 
and discarded. The decidua was dissected from the ma- 
ternzl surface of the chorion, minced with scissors, 
washed in cold, oxygenated Gev’s buffer,’ and ali- 
quoted by weight (300 mg portions) into 50 ml Erlen- 
meyer flasks that contained 20 ml of incubation 
med um. Two flasks were frozen for subsequent analy- 
sis ir order to determine the initial PRL content of the 
tissuz. The remainder of the flasks were sampled, 


` gassed with 95% oxygen and 5% carbon dioxide, 


tighdy stoppered, and placed in a metabolic shaker 
mairtained at 37° C. These flasks were sampled and 
regassed during a 24-hour incubation period. At the 
end of this time, the tissue in each flask was homoge- 
nized in the remaining incubation medium, and the 
supernatant was frozen to be assayed for PRL. 

PSA of FCS. In a series of experiments, samples of 
decidua were incubated in duplicate flasks that con- 
tained Gey’s buffer or Gey’s buffer supplemented with 
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Tissue + Medium 


24 0 2 


INCUBATION TIME (Hrs) 


Fig. 1. Production of PRL by human decidua during a 24-hour incubation with (e 


{o 





e) and without 





o) fetal calf serum. Each point represents the mean + SEM of the average PRL values mea- 


sured in samples of medium from duplicate flasks in a representative experiment. The bars repre- 
sent the total amount of PRL present initially (solid bar) and after 24 hours’ incubation with 


(hatched) and without (open) FCS in the medium. 


0.1%, 1%, 10%, or 20% of FCS (Microbiological Asso- 
ciation). The PSA of the FCS was determined by com- 
paring the amount of PRL produced in the enriched 
medium with that produced in buffer alone. Addi- 
tional experiments included duplicate flasks in which 
bovine serum albumin (BSA) (Sigma Chemical Co.) was 
added to Gey’s buffer in order to provide a concentra- 
tion of nonspecific protein equivalent to the protein 
content of 10% FCS in Gey’s buffer. The PSA of BSA 
was compared to that of FCS. 

In a second series of experiments, FCS was treated as 
follows: (1) Heat-labile proteins were denatured. FCS 
was either heated for 30 minutes in a water bath main- 
tained at 85° C or boiled for 5 minutes. (2) Small- 
molecular weight moieties were removed. Aliquots of 
50'ml of FCS were dialyzed at 4° C for 48 hours against 
8 L of Dulbecco’s phosphate buffer.’ Cellulose dialysis 
bags (Thomas Scientific Co.) with a pore diameter of 
48 A were used in order to retain substances with a 
molecular weight of 2 12,000. (3) The acid-precipitable 
protein fraction was isolated. The proteins present in 
FCS were precipitated by the addition of 10% tri- 
chloroacetic acid (TCA). After centrifugation for 20 
minutes at 28,000 x g, the supernatant was removed. 
The pellet (precipitated protein fraction) was dissolved 
in 6N NaOH anid deionized water to the original vol- 
ume (50 ml). This solution was then dialyzed for 48 


hours against & L of phosphate buffer in order to re- 
move the TCA and to restore the pH to 7.2. 

Each preparation of treated FCS was tested for PSA 
in several experiments, each with the use of decidua 
obtained from.-a different set of membranes. Decidual 
tissue was incubated in duplicate or triplicate flasks that 
contained Gey’s buffer or Gey’s buffer supplemented 
with either 10% treated FCS or 10% untreated FCS. 
PSA was determined by comparing the amount of PRL 
producéd in the presence of treated FCS with that pro- 
duced in Gey’s buffer alone. 

PSA of HS. Serum was obtained from euprolac- 
tinemic male and female volunteers of reproductive 
age. In each case the serum PRL concentration was 
<20 ng/ml, and the final concentration of PRL in Gey’s 
buffer supplemented with 10% HS was <2 ng/ml. The 
protein fraction of HS was pr ecipitated with saturated 
ammonium sulfate (SAS) to a final concentration of 
50% SAS. After centrifugation for 20 minutes at - 
28, 000 x g, the supernatant was removed, and the pel- 
let (the precipitated protein fraction) was dissolved in 
deionized water to the original volume of 25 ml. The 
solution was then dialyzed in 8 L of phosphate buffer 
for 48 hours to remove the ammonium sulfate ions and 
restore the original pH of 7.2. The PSA was deter- 
mined by comparing the amount of PRL produced by 
the decidual tissue incubated in buffer that contained 
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Fig. 2. Accumulation of PRL in Gey’s buffer alone (eè e) 
and in Gey’s buffer supplemented with bovine serum albumin 
(x-———-X). Each point represents the mean + SEM of the av- 
erage PRL values measured in samples of medium from du- 
plicate flasks in a representative experiment. 


either 10% HS or 10% redissolved protein fraction of 
HS, with that produced in Gey’s buffer alone. In these 
experiments, samples of decidua were also incubated in 
Gey’s buffer supplemented with 10% FCS, so that the 
PSA of HS could be compared to that of FCS. 

PRL and protein assays. Concentrations of PRL in 
HS, incubation medium, and tissue homogenate su- 
pernatants were measured by radioimmunoassay based 
on the technique of Sinha and associates.? Human pro- 
lactin (HPr-V-LS2) and rabbit antisera (HPr-V-LS2 
and HPr-V-LS3) were provided by the National Insti- 
tute of Arthritis and Metabolic Diseases, National Insti- 
tutes of Health, Bethesda, Maryland. Radioimmunoas- 
say data were analyzed by computer program based on 
the model developed by Burger and associates.’® All 
samples from each experiment were analyzed in dupli- 
cate in the same assay; the mean intra-assay coefficient 
of variation was 5.7%. 

Concentrations of protein in the enriched incubation 
medium (Gey’s buffer supplemented’ with serum or 
serum proteins) were determined by the method of 
Lowry and assocates." 

Statistical analysis. Data were analyzed by the two- 


tailed Students t test, with significance defined as. 


P < 0.05. 


Results 


Fig. 1 shows the pattern of accumulation of PRL in. 


the medium during a 24-hour incubation of equal 
amounts of decidua from the same patient in Gey’s 
buffer alone and in Gey’s buffer containing 10% FCS. 
The medium that contained 10% FCS had significantly 
higher concentrations of PRL than Gey’s buffer alone 
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Fig. 3. PSA of different concentrations of FCS present in the 
medium during a 24-hour incubation. Each bar represents the 
mean and SEM of eight different experiments. 


Gey's + 10% FCS 


C] Gey's + 10% Heated FCS 
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Fig. 4. PSA of FCS heated or dialyzed prior to addition to the 
incubation medium. The mean + SEM of four experiments is 
shown. 


at all sampling intervals (P < 0.05). Concentrations of 
PRL were also determined in the homogenates of tissue 
plus medium initially and after 24 hours’ incubation. 
The PRL content of the homogenates after incubation 
in Gey’s buffer was three times greater than that pres- 
ent pricr to incubation. Homogenates of decidua incu- 
bated in Gey’s buffer supplemented with 10% FCS con- 
tained nearly six times as much PRL as was present 
prior to incubation. Thus, not only was the amount of 
PRL released into the medium increased by the pres- 
ence of FCS, but the total amount of PRL produced 
was increased, as well (P < 0.01). Since FCS might 
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EE Buffer Alone 
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Fig. 5. PSA (mean + SEM for six experiments) of buffer alone — 


compared to that of buffer containing FCS or the redissolved 
protein fraction from FCS. 


simply provide a nonspecific protein substrate that re- 
sulted in an apparent stimulation of PRL synthesis, a 
similar concentration of albumin was added to Gey’s 
buffer in place of 10% FCS. In this instance, no sig- 
nificant difference in the amount of PRL released dur- 
ing incubation was observed when compared to Gey’s 
buffer alone (Fig. 2). 

The effect of increasing concentrations of FCS on 
total PRL in the tissue plus medium after a 24-hour 
period of incubation is shown in Fig. 3. Because of the 
large variability in total secretion of PRL by decidua 
obtained from different membranes, the data from 
several experiments (n = 8) are expressed as the per- 
centage increase in PRL produced by the decidua incu- 
bated in varying concentrations of FCS compared to 
that produced in Gey’s buffer alone. Minimal PSA was 
observed when the concentration of FCS in Gey’s buf- 
fer was 0.1% or less. PSA was present at FCS concen- 
trations of 1% and was increased still further at con- 
centrations of 10% (P < 0.05). No additional PSA was 
observed at concentrations greater than 10%. 

To further characterize the chemical nature of the 
PRL-stimulating factor or factors present in FCS, the 
effect of heating and dialysis of FCS prior to the addi- 
tion of it to Gey’s buffer was investigated (Fig. 4). Since 
no difference was noticed in the PSA of heated versus 
boiled FCS, the data from these experiments were 
pooled. Neither heating nor dialysis significantly al- 
tered the PSA of FCS. 

The protein content of FCS ranged between 30 and 
40 mg/ml. In order to examine the effect of FCS pro- 
teins on PSA, sufficient TCA was added to FCS to ef- 
fectively precipitate most of the measurable protein. 
Less than 0.05 mg/ml protein remained in the su- 
pernate after this treatment. Fig. 5 shows the PSA of 
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Fig. 6. PSA (mean + SEM for 3 experiments) of FCS, HS, and 
redissolved protein fraction from HS. 


buffer alone, redissolved proteins precipitated from 
FCS, and untreated FCS when added to Gey’s buffer 
containing equal amounts of decidua and incubated for 
24 hours. The PSA of the redissolved protein fraction 
was not significantly different from that of untreated 
FCS. Thus, PSA resides in the protein fraction of FCS 
precipitated by TCA. 

If the PSA of FCS were of possible physiologic sig- 
nificance, it should also be present in HS, as well. To 
investigate this possibility, parallel experiments were 
done in which the decidua was incubated in Gey’s buf- 
fer alone, Gey’s buffer that contained 10% FCS, and 
Gey’s buffer that contained either 10% HS or 10% re- 
dissolved proteins precipitated from HS. The results of 
these experiments are. shown in Fig. 6. 


Comments 


There is now substantial evidence that PRL in amni- 
otic fluid is derived, in large part, from PRL synthe- 
sized and released by human decidua. This evidence 
includes: (1) the lack of correlation between maternal, 
fetal, and amniotic fuid levels of PRL under both 
physiologic and pharmacologic conditions® *~'*; (2) a 
direct and highly significant correlation between the 
levels of PRL in amniotic fluid and both the content of 
PRL in the decidual tissue and its ability to synthesize 
and release PRL in vitro throughout gestation’; and 
(3) the rapid transport of decidual PRL across the cho- 
rion in vitro when compared to the transport of 
radiolabeled PRL added to the medium bathing the 
fetal membranes.” 

Virtually nothing is known about the factors that 
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control the synthesis and release of PRL by human de- 
cidua, although there is evidence that the control 
mechanisms may be significantly different from those 
of the pituitary gland. For example, (1) bromocriptine, 
dopamine, and thyrotropin-releasing hormone (TRH), 
potent modulators of pituitary production of PRL, 
have no effect on the synthesis and release of PRL by 
human decidua,'® ° as well as no effect on PRL in 
amniotic fluid.'* 

Since FCS is the only substance reported to date 
which apparently stimulates the production of PRL by 
. decidual tissue, it seemed important to further charac- 
terize the substance or substances causing the stimula- 
tory effect. The initial characterization of this factor(s) 
reported here would suggest that it is either a large- 
protein moiety or smaller compound tightly bound to a 
protein. PSA is contained in the TCA-precipitable pro- 


Serum stimulation of decidual prolactin 669 


tein fraction of FCS and is unaffected by heating or 
dialysis. Woolf and associates*® 7! have described a fac- 
tor in HS with physical characteristics similar to those 
described in this report which increased the production 
of PRL by diszersed rat pituitary cells in vitro. The 
factor in HS was twice as potent as FCS in their system, 
whereas the PSA of FCS and HS on human decidua 
appeared to be similar. It is possible that this factor(s) 
could represent a common step in the control of pro- 
duction of PRL by pituitary cells and decidua in vitro, 
but ¿ more general and unassociaied effect is also pos- 
sible 


We wish to express our appreciation to Ms. Sally 
Kush for her technical assistance and to Ms. Darlene 
Havanec and Ms. Diane Schafer for their help in the 
preparation of this manuscript. 
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Comparison of continuous transcutaneous and 
continuous intravascular Po. measurement in fetal 


sheep 


C. A. M. JANSEN 
Leiden, Holland 

FIONA G. BASS 

K. C. LOWE 

P. W. NATHANIELSZ 


Torrance, California 


Continuously monitored carotid arterial Po, (Pao, and transcutaneous Po, (tcPo,) from the scalp of 
fetuses from ewes not in labor have been compared under epidural anesthesia at different levels of 
fetal oxygenation. A reasonably good correlation existed between the two readings at normal and 
high Po, values. In sharp contrast, at low Pao, levels there was a considerable bias between the 
two. Since this bias was variable, the failure of tcPo, to reflect Pao, accurately at low Pao, renders 
the use of the tcPo, electrode questionable in the very situation for which it was advocated, namely, 
the prediction of fetal compromise. (AM. J. OBSTET. GYNECOL. 138:670, 1980.) 


INTRAPARTUM fetal asphyxia is probably the major 
cause of preventable perinatal mortality and morbidity. 
The prediction and accurate assessment of intrapar- 
tum fetal asphyxia would be of considerable practical 
use in obstetrics. Transcutaneous Po, (tcPo.) mea- 
surement by means of a thermostatically heated elec- 
trode placed upon the fetal scalp has been practiced as 
a method of intrapartum fetal monitoring.’ In this 
study of 51 patients, a correlation was observed be- 
tween various parameters of fetal heart rate and tcPo,. 
We previously reported the use of a continuously re- 
cording intravascular Po, electrode for up to 41 days in 
the chronically catheterized fetal sheep preparation 
and demonstrated continuous variability in fetal Poz.? 
The accuracy with which continuous tcPo, readings 
reflect continuous variability in fetal vascular Po, has 
not been determined. Therefore, we compared the 


values obtained under epidural anesthesia from the 
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continuously recording Po, electrode located in the 
fetal carotid artery (Pao) and those from a trans- 
cutaneous electrode applied to the scalp of the fetal 
sheep. No previous comparison has been reported in 
the literature for continuously recorded tcPo and Pao, 
in the fetus. In addition, the present study was per- 
formed without the complication of general anesthesia. 
The present investigation was conducted in order to 
provide data that will assist in the correct evaluation of 
tcPo, in relation to Pao, under different conditions. 
The findings also throw light on the physiologic 
changes that occur in cutaneous blood flow in the fetus 
under differing levels of fetal oxygenation. 


Methods 


Eight date-mated pregnant Rambouillet-Columbia 
ewes at 108 to 133 days’ gestation were used for this 
study. Catheters were placed at various points in the 
fetal circulation and in the amniotic cavity.” * A con- 
tinuously recording intravascular Po, electrode was 
placed in the fetal carotid artery.? At least 5 days after 
the first surgical procedure, a second one was per- 
formed. The ewes were sedated with an intramuscular 
dose of 10 mg of 2.6 xylidine dihydrothiazine (Rom- 
pun, Bayer). Thirty minutes later, epidural anesthesia 
was achieved with the administration of 5.0 ml of 2% 
(w/v) lignocaine (Xylocaine, Astra) and 5.0 ml of 0.5% 
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Table I. Fetal and maternal pH sa blood gas values* 





Fetal pH 7.35 + 0.05 7.21 & 0.09 
Fetal Pco, 44.8+54 50.8 + 6.4 
Fetal Po. 19.1 + 3.6 17.6 + 3.6 
Maternal pH 7.47 + 0.03 7.49 + 0.02 
Maternal Pco, 31.6 + 3.0 33.6 + 2.9 
Maternal Po, 98.5 + 6.5 75.8 + 16.9 


At start of At stari of 
premedication experiment After hyproxia After hypoxia 


Continuous Po, measurement 671 





At end of 


experiment 


7.17 +0.10 7.16 + 0.08 7.01 + 0.14 
Sle+ 11.1 54.5 + 10.2 65.2 + 19.4 
16.3 + 4.1 -15.4 + 4.0 14.6 + 4.3 
7.48 + 0.02 7.48 + 0.03 7.48 + 0.03 
30.4 + 5.0 31.1 + 2.5 37.9 + 7.4 
65.9) + 14.4 71.0 + 8.4 61.2 + 16.1 


*Mean + SD; n = 3 to 7 as described uncer “Results,” during the experimental protocol. Samples of fetal blood were drawn 
from the carotid artery,and samples of maternal blood were obtained from tbe femoral artery at the start of premedication, after 
stabilization of the Po, electrode, after the hyperoxia procedure, after the hypoxia procedure, and at the end of the experiment. 


(w/v) bupivacaine (Marcaine, B.D.H.). With the ewe 
placed in a supine position, the uterus was exposed via 
a lower midline abdominal incision. 

After the maternal abdomen had been opened, the 
fetal head was located, and in order to make a uterine 
window of about 5 cm in diameter, an incision was 
made through the uterus at a position that was free of 
cotyledons. The occipital area of the fetal head was 
approximated against the incision to prevent the loss of 
amniotic fluid. A relatively flat area of the scalp was 
shaved and a transcutaneous Po, electrode, developed 
by Huch and. associates’ and commercially available 
from Drager, West Germany, was fixed to the fetal skin 
with a cyanoacrylate glue. The technical details of this 


electrode have been extensively reported elsewhere.’ 


The Drager tcPo, electrode was chosen because it is 
reportedly superior to commercially available alterna- 
tives.? The electrode was heated to 44° C, and the rela- 
tive heating energy required to produce this stabiliza- 
tion was recorded continuously. At least 30 minutes 


were allowed to elapse after placement in order to 


permit stabilization of the tcPo,. 

After stabilization of the tcPo, electrode output, the 
responses to three experimental protocols were exam- 
ined in a fixed order: first, with the ewe breathing 
100% O; (12 L/min) through a transparent plastic bag 
over her head (hyperoxia studies); second, with the ewe 
breathing 9% O and 3% CO, in N; (12 L/min) 
(hypoxia studies); and, finally, with clamping of the 
umbilical cord for | minute during the administration 
of 100% O; (12 L/min) to the ewe. The period of expo- 
sure to maternal hyperoxia was 20 minutes, followed 
by a period of 20 minutes in which the ewe breathed 
room air. Ewes were exposed to hyperoxia from two to 
four times. The protocol for the hypoxia experiments 
was similar to that for hyperoxia, with the exception 
that the exposure of the mother to zhe low Po, gas 
mixture lasted only 15 minutes. Pao, values read from 
the traces as described in Figs. 1 and 2 were pooled in 


5 


each animal at equivalent times relating to the expo- 
sure. The percentage of oxygen in the plastic bag was 
moniored by means of a Teledyne oxygen controller 
(Teledyre Analytical Instruments). 

At ihe termiration of the hypoxia experiments, the 
ewes vere allowed to breathe room air for 20 minutes. 
After ths 20-minute period, 100% oxygen was admin- 
istered to the ewe, and the umbilical cord was located 
throvgh the uterine incision. After a stable period of at 
least 10 minutes, the umbilical cord was occluded for 
60 seconds. After at least 10 minutes, the occlusion was 
repectec at least twice on each fetus. The total duration 
of the experiments was between 3 and 5 hours. 

Th2 response time of both electrodes was measured 
in vitro Doth before and after the experiment. All of 
the Pag, 2lectrodes used had 95% deflection times of 10 
to LE seconds and the transcutaneous (tc) electrodes 
had z 95% deflection time of 15 to 22 seconds. Samples 
of fetal tlood were taken at frequent intervals to ensure 
correct reading of the Po, electrode. 

Daza zre presented throughout as mean + SD. 


Results 


All eight intravascular Po, electrodes were function- 
ing at the start of the second surgical procedure. One 


© Intravascular electrode ceased recording for unex- 


plained reasons before, and one during, the maternal 
hyperoxia expenments. Five of the eight transcutane- 
ous €leczrodes fulfilled the criteria of Huch and associ- 
ates’ after application to the fetal scalp, namely, there 
was en immediate fall from atmospheric Po, within 3 to 
5 miautes followed by an increase to a plateau within 
20 minctes during thermal heating. In one of these five 
preparations, the intravascular Po, electrode stopped 
working, as described above. Therefore, a direct com- 
parison between both continuous traces was possible in 
only four fetuses. Three of the eight transcutaneous 
electroces failed to function adequately. One reading 
was zem Po, throughout the whole experiment. An- 
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Fig. 1, A and B. A, Comparison of simultaneous measurement 
of maximum transcutaneous (tc) Po; in 2-minute epochs and 
mean Pag, over the same period measured with an indwelling 
intravascular electrode in four fetal sheep at 114 to 139 days’ 
gestation. Individual symbols represent individual animals, 
and the numbers represent points at which there was more 
than one observation, Values obtained during the rapidly 
changing phase in the first 6 minutes after alteration of the 
gas mixture inhaled by the ewe and at all times, during 
the cord clamping experiment were not included in Fig. I. 
Mean + SD of Pao, values at given tcPo, values. Data and 
details as for A. 


other reading was zero Po, except during the hy- 
peroxia experiment, when the reading reached a max- 
imum of 6 mm Hg. A third transcutaneous electrode 
was rejected since it reached its nadir after 5 minutes of 
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Fig. 1,C. Ratio of mean tcPo, obtained at different Pao, values 
in four fetal sheep at 114 to 139 days’ gestation. The total 
number of data points for the four animals was 79 íA), 35 (o), 
25 (V), and 102 (o) Pag, represents the mean of values taken 
during a 2-minute epoch; the highest tcPo, during that period 
was recorded at a given Pao,. Mean tcP0, was calculated from 
the tcPo, values measured. Fetus YV; pH range was 7.34 to 
7.26; Fetus o: pH range was 7.13 to 7.10; Fetus o: pH range 
was 7.30 to 7.10; Fetus A: pH range was 7.13 to 7.12. 


placement. The reading from this electrode rose to 


only 11 mm Hg tcPo when the Pao, reached 30 mm Hg 
during the hyperoxia. l 

Condition of the fetuses during the experimental 
protocols. Fhe fetal and maternal pH, Pcoz, and Pao. 
throughout the experiment are shown in Table I. Pre- 
medication, epidural -anesthesia, and the placement of 
the ewe in the supine position followed by the surgical 
procedures described resulted in a fall in fetal pH, al- 
though this fall was not statistically significant (p > 
0.05),-and a fall in maternal Pos, with no marked 
change in any of the other variables. During the hy- 
peroxia and hypoxia perturbations, there were. no 
marked changes other than a further fall in mean fetal 
pH of 0.05 mm Hg. 

Direct comparison of tcPO2z and Pag, in hyperoxic, 


normoxic, and hypoxic conditions. Fig. 1, 4, demon- 


strates the individual gas tensions taken at 2-minute 
intervals read from the continuous trace as described 
above. These data were obtained from four fetuses in 
which a direct comparison between the Pao, and tc elec- 
trodes was possible. All data points were obtained while 
the fetus was in a stable condition at least 6 minutes 
after any change in the composition of the mixtures 
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phase of maternal inspiration of 100% oxygen. After a 20-minute period of breathing this gas 


mixture, the recovery phase is shown. 
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Fig. 2B. Mean + SD of Pao, (0----o) (n = 3) and tcPo, (s 





è: {n = 2) before and during the initial 


phase of maternal inspiration of 9% oxygen with 3% CO». After a 15-minute period of breathing this 
gas mixture, the recovery phase is shown. Point zero was taken as the moment when the new 


equilibrium in the bag was reached. 


inhaled by the ewe. Po, values obtained during equi- 
librium in response to different gas mixtures are 
discussed separately below. No data from the cord 


clamping experiments are included. Fig. 1, A and B, — 


demonstrates clearly that the divergence of tcPo. from 
Pag, increases as Pao, falls. This observation is also well 
demonstrated when the ratio of tcPo, is plotted against 
Pao, (Fig. 1, C). In all four fetuses this ratio was always 
less than 1, even during maternal hyperoxia, and fell as 


fetal Pap, decreased. In one fetus the ratio was always 
less than 0.5, which was considerably less than that in 
the other three fetuses. The low value in this animal 
did not seem to be due solely to the low pH, since 
anotner fetus also had the same pH. As the experi- 
menzs progressed, there was a tendency for the overall 
ratio of tcPoz to Pag, to fall. In a comparable situation, 
the mean ratio in the first hyperoxia experiment and 
the hyperoxia immediately prior to the cord clamping 
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Fig. 3A. Response of fetal Pag,, monitored continuously to | 
minute of cord clamping in four fetal sheep at 114 to 139 
days’ gestation. Each point represents the mean + SD of three 
to five episodes. 
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Fig. 3B. Response of fetal tcPo, to 1 minute of cord clamping 
(as in Fig. 34). 


in the four animals was: 0.92 and 0.84 (V), 0.42 and 
0.20 (A), 0.85 and 0.78 (0), and 0.88 and 0.32 (a). 
Response to maternal inhalation of different gas 
mixtures. The response during maternal hyperoxia 
was observed in all seven preparations in which the Pao, 
electrodes were working and in all five in which the 
tcPo, electrodes were functioning (Fig. 2A). The expo- 
sure of the ewe to hypoxia was performed in the two 
preparations with functional tcPo, electrodes in which 
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tcPo, was above 9 mm Hg, and in one fetus in which 
the Pao, electrode alone was working (Fig. 2B). 

The increases in Pao, and tcPo, during maternal hy- 
peroxia were similar. The maximum increases in Pao, 
and tcPo, were 1.64 + 0.65 mm Hg min“! {n = 7) and 
1.78 + 0.70 mm Hg min”! (n = 5), respectively. The 
maximum declines from the plateaus when the ewe 


‘inhaled room air were 2.23 + 0.45 mm Hg min™! 


(n = 7) for the Pao, electrode and 2.1 + 0.65 mm Hg 
min”! (n = 5) for the tcPo, electrode. 

The maximum changes during maternal hypoxia 
were a fall of 2 + 0.87 mm Hg min“! (n = 3) for Pao, 
and 3.0 (mean of 2) mm Hg min“! for the tcPo, elec- 
trode. When the ewe breathed room air, the Pao, elec- 
trode reading rose maximally, 2.1 + 0.2 mm Hg min™! 
(n = 3), and the tcPo, rose 3.0 mm Hg min™! (mean 
of 2). 

Response of tcP0z to clamping the umbilical cord 
for 1 minute. Figs. 3A and 3B illustrate the response of 
four fetuses to clamping the umbilical cord for 1 min- 
ute. The response of Pao, was statistically significant at 
10 seconds (p < 0.05). The fall in tcPo, occurred more 
slowly, and in none of the fetuses did the tcPo, fall 
significantly within the first 10 seconds. 

The differences in the recovery period were even 
more marked. Pag, returned to normal within 10 sec- 
onds, whereas recovery of tcPo, to its initial levels re- 
quired up to 5 minutes. 

Relative heating power. The relative energy re- 
quired to keep the temperature of the electrodes stable 
ata plateau of 44° C, which is said to be an indicator of 
the state of vasodilation in the skin below the electrode, 
did not reveal any recognizable pattern during any part 
of the experimental protocol. 


Comment 


Since the tcPo, electrode has been advocated for the 
at-risk fetus, despite the lack of experimental data, in 
order to assess its clinical usefulness, we investigated 
the effects of hyperoxia and hypoxia on the correlation 
between the Pap and tcPo,. The fetal pH and Pao, 
values that existed after the procedures which were 
required for the placement of the transcutaneous elec- 
trode were similar to those observed in many at-risk 
human fetuses. 

‘To our knowledge, no previous comparison has been 
made of these two continuously recording methods of 
monitoring fetal oxygenation. In one study in which a 
comparison was made between tcPo, and samples of 
blood obtained intermittently from the fetal carotid ar- 
tery, a good correlation was observed over the range of 
14 to 28 Hg.” In this report, neither the timing of the 
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samples nor the period of exposure to different gas 
mixtures (approximately 5 minutes) was specified. In 
one figure, tcPo, was shown to fall to nearly zero; how- 
ever, no values lower than 14 mm Hg were used in the 
correlation between Pao, and tcPox. 

In another study, in two fetuses under general anes- 
thesia with Ethrane, the same comparison of intermit- 
tent Pap, and continuous tcPo, yielded an r= 0.977 
and a slope of 0.89.8 Only two of the 18 points used for 

this calculation were at a Pag, of less than 14 mm Hg. 
- The remainder ranged from 14 to 34 mm Hg. Ethrane 
is a halogenated hydrocarbon, and anesthetics of this 
group, including halothane, have been shown to be 
polarographically reduced at Pog electrodes’§ and are 
best avoided when one is making measurements of Pog. 
In addition, general anesthesia of the fetus may affect 
the level of peripheral vasoconstriction, thereby mod- 
ifying any disparity between tcPo, and Pag, mea- 
surements wherever this might otherwise exist. All 
forms of anesthesia, general and regional, may modify 
fetal oxygenation and regional blood flow. 

In one study of newborn monkeys sedated with Ser- 
nylan (phencyclidine HCI), tcPo,g and Pao, correlated 
well at a Pao, of 70 mm Hg and above, but when Pao, 
was lowered to 25 mm Hg, tcPo, fell to zero." These 
results in the newborn animal show a similarity to the 
disparity that we have demonstrated at low Pog in the 
fetus. 

The changes in fetal Pao, that we have observed dur- 
ing and after maternal hyperoxia agree partly with ob- 
servations published previously by Matalon and asso- 
clates.'! They observed a slightly different rate of in- 
crease in Pao,, 2.44 mm Hg min“ versus our finding of 
1.64 mm Hg min,~' and decrease, 1.63 mm min”? ver- 
sus our finding of 2.23 mm min.~! However, the con- 
ditions of their experiment differed considerably; in 
particular, the ewes were under general anesthesia with 
tracheal intubation and were mechanically ventilated. 

It is of interest that Pap, readings from the in- 
travascular electrode at 1 minute after occlusion of the 
umbilical cord were lower than those previously re- 
ported in the literature. The Pao, values obtained 
from the indwelling intravascular Pag, electrode were 
almost certainly superior to those obtained from sam- 
ples of blood measured extracorporeally, for two rea- 
sons. First, in our experience, accurate assessment of 
very low Po, values necessitates specific calibration in 
the low range. This observation is in accordance with 
other reports in the literature, in which a blood gas 
analyzer in 100% N; gas flow read 11 + 1.4 mm Hg 
Poz." Second, for practical reasons, during intermit- 
tent sampling under experimental conditions in an 
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animal research laboratory, it is extremely difficult to 
obtain blood under the absolutely anaerobic conditions 
necessary to measure low blood Po; accurately. The 
zero Po, leakage current was always determined in our 
electrodes both before the insertion and after the ex- 
periment, and the reading was corrected for this value. 

Our data subsequent to occlusion of the umbilical 
cord bear resemblance to published data on the de- 
layed response of the transcutaneous Po, after restora- 
tion of fetal blood How." In this study, fetal oxygena- 
tion was impeded by occlusion of the maternal aorta, 
and after a 2-minute period of occlusion the trans- 
cutareous Po, required about 10 minutes to reach its 
original value.. However, the recorded fall in tcPo, was 
to 6 mm Hg, whereas the intra-arterial Poe, calculated 
from the oxygen saturation, fell to nearly zero. The 
tcPo, value of 6 mm Hg can be explained solely by the 
halothane effect, whereas the oxygen saturation will 
not ke influenced by halothane. 

Tke divergence of Pap, at low Po, during hypoxia 
and the cord clamping experiments was most likely due 
to vasoconstriction in the skin. Pronounced peripheral 
vasoconstriction in the carcass in response to hypox- 
emia, accompanied by similar levels of acidemia (pH 
7.28}, has been observed.” Peripheral vasoconstriction 
in response to hypoxemia would enable blood to be 
redistributed to more vital organs. 

We were unable to associate relative heating power 
with any changes in Pao,. Changes in the relative heat- 
ing power have been suggested as an indicator of fetal 
peripheral vascconstriction, but it yielded no useful in- 
formation in our study. We have observed both in the 
experimental and in the clinical obstetric situation that 
the relative heating power changed when the electrode 
was touched during vaginal examination. The close 
correlation demonstrated between the relative heating 
power and uterine contractions during labor in the 
human being may well be artifactual and not reHect 
physiologic changes in relative local perfusion. 

Our experiments were designed to eliminate ex- 
traneous physical factors, such as the so-called tonsure 
effect of the cervix,!® the presence of a caput suc- 
cedaneum, ard pressure upon the electrode. It is 
difficult to assess the contribution that these factors 
might make to tcPO, measurements in the human fetus 
during labor, but pressures as low as 30 to 113 grams 
(equivalent to 8 to 13 mm Hg) upon the electrode 
placed upon the scalp of two adults reduced the read- 
ing <0 zero." However, since the avascular layer in the 
aduit skin is much thicker, tcPo, readings in this situa- 
tion are much lower than the intra-arterial Pos. In this 
study, intra-arterial PO, was not measured. If we as- 
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sume a value of 100 mm Hg for Pao. the initial ratio of 
tcPO2 to Pag, was only 0.14 and 0.38, so that extrapola- 
tion from adults to neonates or fetuses is probably in- 
appropriate. 

In conclusion, we have demonstrated a pronounced 
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and unpredictable bias between tcPo, and Pas, at low 
fetal Pao, levels. Clinically, the tcPo, electrode has been 
advocated for use in the at-risk fetus. Our data strongly 
question the value of this electrode in the hypoxic 
fetus. 
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Effect of adrenergic agonists on progesterone 
production by human placental cells in culture 


STEVE N. CARITIS, M.D. 
ANTHONY J. ZELEZNIK, PuH.D. 
Pittsburgh, Pennsylvania 


Human placental cells maintained in culture were used to determire the direct effect of 
beta-adrenergic agonists on progesterone accumulation by the placenta. In five studies, when either 
of the beta-adrenergic receptor agorists, terbutaline or isoproterer|, 1.5 4~g/ml, was incubated for 
24 hours with the placental cells, significantly more progesterone was present in the culture medium 
than in the medium of matched controls. Compared with the medium of matcred controls, 
progesterone in medium increased 36 + 6% (mean + SE) when cails were treated with terbutaline 
and 38 + 7% when cells were treated with isoproterenol. In two dcese-response studies with 
terbutaline, a minimal dose of 0.15 «g/ml was required to significantly increase progesterone in 
medium compared with that in matched controls. In three studies, propranolol at a concentration of 
1.5 gimi completely blocked the stimulatory effect of 1.5 ug/ml of terbutaline. (AM. J. OBSTET. 


GYNECOL. 138:677, 1980.) 


BETA-ADRENERGIC agonists effectively inhibit pre- 
term labor.’ Recent studies in animals have indicated 
that these agents stimulate the production of proges- 
terone by bovine? and ovine? luteal cells in vitro: there- 
fore, it is possible that an analogous effect may be ob- 
served in the human placenta. Clinical studies have 
provided conflicting data in this regard. Csapo and 
Herczeg“ noted that beta-adrenergic agonists increased 
progesterone in the peripheral plasma of pregnant 
women, but Bibby and associates’ reperted a decrease 
in the peripheral progesterone concentration of preg- 
nant women who were receiving these agents. In both 
of these studies, measurements were made during 
labor, a time when the concentration of progesterone 
in peripheral blood may be altered by the effect of the 
beta-adrenergic agonist on labor and uterine blood 
flow. In the present study, placental cells maintained in 
culture were used to determine the effect of beta- 
adrenergic agonists on progesterone production by the 
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human placenta, thereby eliminating the uterine ef- 
fects of these agents as a variable. 


Macerial and methods 


Plazentas were obtained aseptically from women who 
were undergoing elective repeat cesarean section. The 
placentas were processed within 1 hour by modification 
of the technique described by Hall and associates.® Sev- 
eral fragments of fetal cotyledons, approximately 5 by 
5 by 3 cm each, were dissected from the placenta and 
were washed with 0.15M NaCl to remove excess blood. 
These fragments were finely minced with a scalpel until 
a homogeneous suspension of villi was obtained. Fifty 
millil ters of trypsin (0.25% w/v, Worthington Corpo- 
ration, Freeport, New Jersey) was added to approxi- 
mate-y 15 grams of the minced tissue, and this mixture 
was incubated at 37° C for 10 minutes in an oscillating 
water bath. The supernatant containing dispersed pla- 
cental cells was removed, and 1 ml of fetal calf serum 
was <dded. The supernatant was then centrifuged at 
225 x g for 10 minutes. The pellet was resuspended 
in 5 ml of Weymouth’s MB752/1 culture medium 
(GIBZO, Grande Island, New York) supplemented 
with 10% fetal bovine serum (v/v). Occasionally during 
tryps.n digestton a mucoid suspension would form, 
trapping the harvested cells. In such cases, 200 units of 
deoxyribonuclease (Worthington Corporation, Free- 
port, New Jersey) dissolved in 1 ml of 0.15M NaCl was 
added. The minced tissue was treated with trypsin five 
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9 Terbutaline/mi medium 


Fig. 1. Dose-response for terbutaline in two placentas. Each 
value represents mean (+SE) of six wells. Each value is com- 
pared to its control. 


Table I. Progesterone in medium (ng progesterone/ 
well/24 hours) after 24-hour incubation of placental 
cells with and without adrenergic stimulation 


Terbutaline Isoproterenol 
Placenta Control (1.5 gimi) (1.5 pg/ml) 


nia 


1 25 +2 35 t 2ł 30 + |* 
2 53+? 87 + 7t} 78 + 37 
3 ' J6+1 92x lf 93+ 1f 
4 34+? ` 44 + 2f 51+4t 
5 88 +3 — 49+ 5 48 +6 


Values are mean (+SE) of six wells. 


*p < 0.025, compared with matched control by ‘analysis of 
variance and Newman-Keuls multiple range test. 


+P < 0.01, compared with matched control by analysis of 
variance and Newman-Ketils multiple range test. 


to six times. Harvested cells from each treatment were 
pooled, and equal aliquots of cells were dispensed into 
culture dishes (Costar, Cambridge, Massachusetts) con- 
taining six wells (35 by 15 mm) each. Three to six cul- 
ture dishes were used per placenta, depending on the 
type of study. Cell counts were approximately 2 to 
5 x 10° per well, depending on the number of culture 
dishes used per placenta. An exact cell count could not 
be obtained because the cell preparation consisted 
primarily of aggregates of cells whose boundaries could 
not be readily delineated. The culture dishes were 
maintained in a humidified atmosphere of 5% CO, for 
3 hours at 37° C until the placental cells had attached. 
The culture medium which contained unattached pla- 
cental cells, red cells, and other debris was aspirated, 
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and the attached placental cells were washed with 1 ml 
of fresh culture medium. Dishes were then selected at 
random either to serve as controls or to receive treat- 
ment with a study drug. Medium alone or medium 
containing terbutaline,* a specific B, adrenergic recep- 
tor agonist (Astra Pharmaceuticals, Worcester, Mas- 
sachusetts), isoproterenol,f an adrenergic agonist with 
Bı and f receptor activity’ (Breon Labs, New York, 
New York), or propranolol, a beta-adrenergic an- 
tagonist (Ayerst Labs, New York, New York), was 
added to each well, and the dishes were returned to the 
COQ, incubator. Each dish of six wells received the same 
treatment. After 24 hours of incubation, the medium 
was removed and centrifuged at 225 x g for 10 min- 
utes, and the supernatant was frozen until analyzed for 
progesterone by specific radioimmunoassay.® The sen- 
sitivity of the assay was 50 pg/ml. Reactivity with 
17-OH progesterone and 20a-dihydroprogesterone 
was less than 1% of that for progesterone.*® Ten pla- 
centas were studied. Differences in the accumulation of 
progesterone between culture dishes were compared 
by analysis of variance and the Newman-Keuls multiple 
range test.? Although data were expressed as a percent 
of control in some figures, statistical analyses of the 
data were always performed with the data expressed as 
nanograms progesterone per well. 


Results 


The cells in culture were similar morphologically to 
those described by Thiede.*° The predominant cell was 
epithelial, which had abundant cytoplasm and a large 
pale nucleus with prominent nucleoli. These epithelial 
cells commonly aggregated to form a syncytial-like 
mass with many nuclei. A second type of epithelial cell 
with a large, dark-staining nucleus and scant cytoplasm 
was infrequently observed. Long fibroblast-like cells 
were also present, and the percentage of these cells 
varied in individual experiments. Viability of attached 
placental cells determined by exclusion of 0.1% try- 
pan blue was greater than 95% 24 hours after initial 
plating. 

In five placentas, the effect of terbutaline and isopro- 
terenol on the accumulation of progesterone in the cul- 
ture medium was compared with matched controls 
(Table I). In the five experiments, terbutaline, 1.5 
ug/ml (6.6 x 10~°M), increased progesterone in the 
medium by 36 +6% (mean + SE) compared with 
matched controls. In four of these studies, the increase 
in progesterone was significantly greater than in 


*Terbutaline sulfate dissolved’ in physiologic saline so- 
lution. 


tIsoproterenol hydrochloride with lactic acid, Na lactate, 
NaCl, and Na bisulfite. 
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matched controls, but in the fifth study the increase did 


not reach statistical significance (p = 0.1). Similarly, 


isoproterenol, 1.5 g/ml (7.0 x 1076M} increased pro- . | 
gesterone in medium by 38 + 7% (mean £ SE). com- . 


pared with matched controls, and the increase was 
statistically significant in all but one experiment. 

_ Ipfive additional placentas, the response of cultured 
placental cells to beta-adrenergic agonists -was further 
characterized. Two dose-response studies with ter- 


butaline were performed, and in three studies an , 
attempt was.made to block the stimulatory effect of 


terbutaline on the accumulation of progesterone by the 
specific beta-adrenergic antagonist, propranolol. 
Fig. 1 demonstrates the results of the two dose- 


response studies. In both experiments, terbutaline at a | 
1.5, or 15 ug/ml of ° 
medium significantly, increased the accumulation of 
progesterone in medium, compared with matched con- ` 
trols. In one experiment, the response to terbutaline | 
reached a plateau at a dose of 1.5 ug/ml. In the. second 


concentration of either. 0.15, 


experiment, the response to terbutaline did not plateau 


with a dose of 15 pg/ml. For the two’ placentas, the 
accumulation’ of progesterone was 20% greater than ` 


7 


control with a dose of 0.15 wg terbutaline/ml, 32%, 


greater than control with a dose of 1.5 ug/ml, and 40% 
greater than control with a dose of 15 ug/ml. 
The results of one ‘of the three experiments with 


propranolol blockade are depicted in Fig. 2. Similar re- ; 


sults were obtained i in the two other placentas’ studied. 


Terbutaline, 1.5 ug/ml, produced a significant (p <- 


0.001) increase in progesterone accumulation com- 


pared with matched controls. The addition of 0.15 wg/ 
ml of propranolol (6.0 x 1077M) reduced the stimula- S 
tory effect of terbutaline on the accumulation of proges- ; 
1.5 ug/ml (6.0 x .10-8M),. 
completely prevented the stimulatory effect of ter- - 


terone, and propranolol, 


butaline. Propranolol alone had no effect on the ac- 
cumulation | of progesterone when compared with 
controls. 


Comment . 
The present study indicates that the addition of 


either beta-adrenergic agonist, terbutaline or isopro-.. 


terenol, to placental cells maintained in culture sig- 
nificantly increases the accumulation of progesterone 
in culture medium when compared with matched con- 
trols. The response ‘to terbutaline is dose related and 


is blocked by the beta-adrenergic antagonist, pro- - 


‘pranolol. . 


Increased accumulation of progesterone after incu- 


bation of placental cells with adrenergic agonists may ` 


be due to either decreased metabolism, increased 
biosynthesis, or increase release of progesterone. Our’ 


- 
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Fig. =. Effect of propranolol blockade on terbutaline-stimu- 
lated progesterone accumulation in medium. Height of bar 
represents mean (+SE) of six wells. Dose of drugs is indicated 
undez each bar. Each treatment is compared with the matched 
control. T : 


data do not indicate which of these processes account 
for the stimulatory effect observed here. However, 
“Winkel and associates'! reported minimal metabolism, 


of ‘rediolabeled progesterone by placental cells main- 


tained in culture under conditions similar to those of 
our experiments, thus. suggesting that altered proges- 
terone metabolism. may not be responsible for our 
findmgs. On, the other hand, beta-adrenergic agonists 


- may act directly on placental cells to increase the pro- 


ducton and/or release of progesterone. Condon and 


` Blac’? and Jordan and associates? have shown that 


beta-adrenergic agonists: increase the production’ of 
progesterone in bovine and ovine corpus luteum cells, 
and that this response occurs in parallel with an eleva- 
tion in intracellular cyclic adenosine monophosphate 
(AMP), It is well established that cyclic AMP modulates 
stercidogenesis in a variety of steroid-producing tis- 


sues '? A similar effect of beta-adrenergic agonists on 


cycli AMP and steroidogenesis may be operative in the . 
hurran placenta. Indeed, Whitsett and associates have 
demonstrated beta-adrenergic receptors and catechol- 


` amine-sensitive adenyl cyclase activity in membrane 


fracions of human placentae, thereby supporting the 
earker studies of Satoh and Ryan.’* Furthermore, 
either exogenous cyclic AMP or its dibutyl derivative 
augments estrogen biosynthesis and human chorionic 


` gonadotropin release!® by placental cells in vitro. 
. Therefore, it is possible that the increased progester- 


one accumulation we Observed after the incubation of 
placental cells with beta-adrenergic agonists may have 


- been due to a specific response of the placental cells to 


the agonists, and may have been mediated by an in- 
crease in intracellular cyclic AMP. 
The concentration of adrenergic agonist which in- 
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creased progesterone accumulation in. vitro may be 
achieved clinically during the inhibition of labor. In 
vitro, we saw a significant increase in progesterone ac- 
cumulation with a concentration of terbutaline of 0.15 
ug/ml. The concentration of terbutaline. during intra- 
venous therapy for preterm labor has not been re- 
ported, but a single intravenous injection of 250 ug will 
result in a peak serum concentration of 0.025 ug/ml in 
nonpregnant subjects." Because pregnant women re- 
ceive up to 15 times this amount hourly for the treat- 
ment of preterm labor,’® the serum concentration 
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achieved may be similar to that which causes increased 
accumulation of a progesterone in vitro. 

Although our data indicate that beta-adrenergic 
agonists increase the accumulation of progesterone by 
placental cells maintained in culture, it remains to be 
proved whether these agents will affect the production 
of progesterone by the placenta in vivo. 
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Decidual production of prolactin in late gestation: 


Further evidence for a decidual source of amniotic 


fluid prolactin 
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Farmington, Connecticut 


The capacity of human decidual tissue to synthesize prolactin de novo throughout late gestation 
was investigated and correlated with the levels of prolactin (PRL) in amniotic fluid. Maximal 
concentrations of PRL in both amniotic fluid and. samples of decidua were found prior to the thirtieth 
week of gestation and declined simultaneously until term. A high correlation {r = 0.90, bp < 0.00005) 
was found when.the levels of PRL in amniotic fluid and the initial (preincubation) content of PRL in 
decidua from the same patient were compared. A very high correlation (r = 0.96, p < 0.00005) was 
seén between the ability of the decidua to produce prolactin in vitro and the corresponding levels of 
prolactin in amniotic fluid. No significant difference in any parameter tested was noted with respect 
to either the sex of the fetus or the mode of delivery (p > 0.05). These data are interpreted as 
indicating (1) that decidual tissue varies throughout late gestation, in both its initial content of 
prolactin and its ability to synthesize prolactin de novo, in a manner which correlates to a high 
degree with variations in amniotic fluid - -prolactin levels and (2) that the decidual tissue is the major 
source of amniotic fluid prolactin. (AM. J. OBSTET. GYNECOL. 138: 661, 1980.) 


ENDOMETRIAL stromal tissue transformed into. de- 


cidua has been demonstrated to synthesize prolactin 
(PRL) whether its origin is parietal decidua in normal 
gestation,” * decidua in endometrial samples taken 
during the late luteal phase of the normal menstrual 
cycle,* or-decidua obtained from endometrial curet- 
tings after the removal of tubal ectopic pregnancies. 
This prolactin has been shown to be indistinguishable 


from human pituitary prolactin, by the criteria of im-. 


munoprecipitation and gel chromatography," ® 7 and 
electrophoretic and receptor assay techniques.’ 
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Since large amounts of PRL are found in human 
amniotic fluid throughout gestation,® much specula- 
tion as to the source of the PRL has been engendered. 
Maternal and/or fetal pituitary glands were considered 
by some to be potential sources of amniotic fluid pro- 
lactin, but several observations tend to refute these 
suggestions.® 1 15-17 | 

The present study was undertaken to investigate 
the capacity of human decidua to produce prolactin 


threug‘iout late gestation and to determine whether 


this capacity corrélates with the levels of PRL in amni- 
otic Alu:d.: 
Methods 


Decidual tissue was obtained at delivery from fetal 
membranes in 88 pregnancies after either spontaneous 


| labor or cesarean section between 26 and 42 weeks’ 


gestation. Wherever possible, amniotic fluid was also 
obtained either at the time of, or just prior to, delivery. 
The fetal membranes were cut free of the placental disc 


and the amnion was removed and discarded. The cho- 


rion with adherent decidua was then washed three 
times ir. cold normal saline solution, incubated for 20 to 
30 minutes at room temperature in normal saline solu- 
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Amniotic fluid PRL (ng/ml) 
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Fig. 1. Amniotic fluid: prolactin levels in late gestation. 
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Fig. 2. Preincubation content of prolactin in decidual tissue in 
late gestation. 


tion (containing 1 mM of EDTA), and rinsed in saline 


solution a final time. The decidua was dissected from ` 


the chorion, placed in cold oxygenated Gey’s buffer, 
and minced with small scissors. This tissue was, then 
washed three times in cold oxygenated Gey’s buffer 
and divided into aliquots of 300 mg (+3%), wet weight, 
and placed in Ehrlenmeyer flasks. Twenty milliliters of 
oxygenated Gey’ s Buffer supplemented with 5% fetal 
calf serum and penicillin (2,500 IU), streptomycin 
(2,500 ug), and gentamicin (100 ug) were added to 
each flask. Two flasks were frozen tor subsequent anal- 
ysis. The remaining flasks were then sampled, re- 
gassed with 95% O2-5% CO», tightly stoppered, and 
incubated 24 hours at 37° C in a Dubnoff metabolic 
shaker. At the end of the incybaticn, the tissue in each 
flask was homogenized in the remaining buffer, and 
the supernatant was assayed for prolactin. 


Prolactin assay 


Prolactin concentrations in all samples and tissue 
homogenates were ‘estimated by radioimmunoassay 
based on the technique of Sinha and associates.’ 
Human prolactin (HPrV-LS2) and rabbit antisera (AFP 
#2) were provided by the National Institute of Arthri- 
tis and Metabolic Diseases, National Institutes of 
Health, Bethesda, Maryland. Radioimmunoassay data 
were analyzed by computer program based on the 
model developed by Burger and associates.’ Samples 
of medium and/or amniotic fluid which contained high 
concentrations of prolactin showed slopes parallel to 
the pituitary prolactin standard over a 50-folc dilution 
range. Intraassay and interassay variabilities were less 
than 5%. 

Statistical sai: were performed by means of 
Scheffe’s test for multiple comparisons, and linear re- 
gression analysis where indicated. (All data were tested 
by logarithmic, power, and exponential transforma- 
tions before linear analysis was accepted as appro- 
priate.) | 


Results 


Amniotic fluid PRL levels throughout late gestation 
in this series cf patients are shown in Fig. 1. Higher 
concentrations were observed in the more premature 
patients. Significant differences (p < 0.01) occurred 
between groups until approximately 32 weeks’ gesta- 
tion, and there was ‘no significant difference beyond 
that point. These data are similar to the findings re- 
ported by Chochinov and associates’? and others.® 

The initia] content of PRL in decidua (.e., prior to 
incubation) fo:lowed a very similar pattern (as seen in 
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Fig. 3. Correlation of preincubation content of prolactin in 
decidual tissue and prolactin in amniotic fluid in the same 
patients. 


Fig. 2), with the highest hormone levels noted near the 
end of the second trimester. Again, from 32 weeks’ 
gestation on, no significant differences were found. 
To test the hypothesis that amniotic fuid PRL levels 
are indeed related to initial decidual content of PRL in 
the same patient, a linear regression with the use of the 
data from Figs. 1 and 2 is shown in Fig. 3. The correla- 
tion was 0.9 (p < 0.00005). A similar analysis was con- 
structed in order to compare amniotic fluid PRL levels 
_ with the amount of PRL produced by samples of de- 
cidua in vitro. Fig. 4 shows the correlation of 24-hour 
production of PRL by the decidual specimen and the 
amniotic fluid PRL in the same patient. That the de- 
cidual capacity to produce PRL is directly related to 
amniotic fluid PRL is indicated by the correlation co- 
efficient of 0.96, and p < 0.00005. Finally, Fig. 5 dem- 
onstrates not only that amniotic fluid PRL levels can be 
predicted both by initial decidual content of PRL and 
by the capacity of that decidua to produce PRL in vitro, 
but also that the production capacity can be predicted 
from the initial tissue content (r = 0.92, p < 0.00005). 
No significant differences in any parameter tested 
were observed with respect to the sex of the fetus 
(p > 0.05) or the mode of delivery, i.e., vaginal versus 
cesarean section (p > 0.05). (Cesarean section data 
were not analyzed with respect to the onset of spon- 
taneous labor.) l 
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Fig. 4. Correlation of 24-hour decidual production of prolac- 
tin in vitro and emniotic fluid prolactin in the same patients. 


Comment 


Several observations tend to refute the possibility 
that the major source of amniotic fluid PRL is either 
the maternal or fetal pituitary gland, or both: (1) sup- 
pression of both maternal and fetal pituitary PRL 
production to very low levels with bromocriptine does 
not influence amniotic fluid PRL levels'* '; (2) pro- 
gressive changes in maternal and fetal serum PRL 
throughout gestation are discordant with changes in 
amn:.otic fluid PRL’; (3) amniotic fluid PRL levels do 
not change after maternal hypophysectomy or after in- 
trauterine death of the fetus in rhesus monkeys’®; and 
(4) isotopically labeled PRL injected into the pregnant 
rhesus monkey or fetus shows an extremely low level of 
transfer to the amniotic fAuid.® ' This has led some 
authors to suggest an extrapituitary source for amni- 
otic fuid PRL.” Neither placenta nor isolated fetal 
membranes with decidua removed are capable of 
syntnesizing PRL de novo, and in 1977, the suggestion 
was first made that this source was indeed decidua.” 
Since then, others have supported this view.® © * 

Tne present study presents the strongest evidence to 
date that maternal decidual tissue is the major source 
of the PRL found in the amniotic compartment. A very 
higk correlation (r = 0.96) was found between the con- 
centration of FRL in the amniotic fluid prior to delivery 
and the ability of the decidua from the same patient to 
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Fig. 5. Correlation of preincubation content of prolactin in 


decidual tissue and the ability of the same tissue to produce | 


prolactin in vitro. 


synthesize PRL in vitro. A similar correlation (r = 0.90) 
was found between amniotic fluid PRL levels and the 
initial PRL content of the decidua, prior to incubation. 

Thus, the relatively high levels of PRL in amniotic 


fluid, characteristic of the late second trimester, were | 


associated with decidua which not only contained high 


levels of PRL prior to incubation, but could also syn- ° 


thesize high levels of PRL in vitro as well. As gestational 


age increased to term, both the amount of PRL in the - 


amniotic fluid and that in the decidual tissue declined, 


as did the ability of the decidua to produce PRL in . 


vitro. 
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These data indicate that the amount of PRL pro- 
duced in vitro reflects the in vivo condition of the 
decidua. Thus, explants of tissue obtained after prema- 
ture delivery (prior to 32 weeks) are capable of sig- 
nificantly higher rates of hormone synthesis during in- 
cubation than are tissues obtained nearer to term. The 


physiologic correlate of this observation is the progres- 


sive decline in the amount of PRL present in both the 
ammiotic fluid and in the decidua itself until approxi- 
mately 32 weeks’ gestation. These data strongly suggest 
that amniotic fluid levels of PRL are dependent on the 
capacity of decidua to produce PRL de novo. 

This view has recently been supported by the obser- 
vations made by Riddick and Maslar*’ of the transport 
of prolactin across human fetal membranes. ‘These in- 
vestigators observed that approximately 40% of the 
prolactin present in the decidual tissue adherent to in- 
tact fetal membranes appeared on the amniotic side of 
the membranes after incubation, whereas <5% of 
radiolabeled PRL added to the medium bathing the 
decidual surface of the membranes subsequently ap- 
peared on the amniotic side during a similar period 
of incubation. A similarly low rate of transfer of 
radiolabeled PRL occurred. across isolated chorion and 
amnion. 

In summary, these data are interpreted to indicate 
that decidual tissue varies throughout late gestation tn 
both its initial content of prolactin and its ability to 
synthesize prolactin in a manner which correlates to a 
very high degree with variations in amniotic fluid pro- 
lactin levels, indicating that the decidual tissue is most 
likely the major source of amniotic fluid prolactin. 


We wish to thank Mr. James Yopp, Jr., and Ms. Sally 
Kuslis for their invaluable technical assistance and Ms. 
Darlene Havanec for her greatly appreciated help in 
the preparation of the manuscript. 
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Biorhythms of the primate uterus (Macaca mulatta) 


during labor and delivery 


GUY M. HARBERT, JR., M.D. 
KENNETH R. SPISSO, M.D.* 
Charlottesville, Virginia 


The association between the documented spontaneous biorhythms of uterine activity, uterine artery 
blood flow, and aortic blood pressure and the processes of labor and delivery was explored in 17 
nonmedicated rhesus monkeys for 18 pregnancies. The characteristic circadian variations of higher 
hourly average values of uterine activity during periods of light than during periods of darkness were 
incorporated in a statistically distinct, predictable, and repetitive manner into the events of 
parturition. Variations in uterine artery blood flow reflected changes in intra-amniotic pressure. In 
those animals in which delivery occurred at night, a shift in maximal values of uterine activity from 
periods of light to periods of darkness occurred 48 to 60 hours prior to delivery. Progressive linear 
increases in hourly average values of frequency of contraction and aortic blood pressure 
consistently began 24 to 35 hours prior to delivery. These changes suggest that specific, directly 
related prodromal events cccur within the maternal organism hours before parturition in the 
nonhuman primate. (AM. J. OBSTET. GYNECOL. 138:686, 1980.) 


SPECIFIC biorhythms in the dynamics of the nonhu- 
man primate uterus have been demonstrated during 
the last half of pregnancy.’ Spontaneous uterine activ- 
ity, as measured by calculation of the average pressure 
under the contractile curve and by frequency of con- 
traction, follows a time course that is repetitive, pre- 
dictable, and varies from hour to hour in diurnal pat- 
terns that conform to highly significant Fourier curves 
synchronized by the light-dark cycle. In general, uter- 
ine artery blood flow varies inversely to the average 
values of-intra-amniotic pressure. The flow rates are 
highest during the hours of darkness when intra- 
amniotic pressure is lowest, and decrease as average 


pressure values approach their highest level or apogee | 
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during the period of light. In late gestation, the differ- 
ence between the maximal and minimal average values 
of uterine artery blood flow during the day may be as 
much as 63% of mean flow. This variation may be mod- 
ified by the circadian changes in aortic blood pressure. 

The present study was undertaken to characterize 
the patterns of uterine activity and hemodynamics dur- 
ing parturition and to investigate the relationship of 
the biorhythms in spontaneous uterine dynamics ob- 
served during late pregnancy to the processes of labor 
and delivery. 


Method 


Intra-amniotic pressure, frequency of uterine con- 
traction, aortic blood pressure, and uterine artery 
blood flow were measured chronically in nonmedicated 
rhesus monkeys conditioned to restraining chairs. The 
pattern of changes in amniotic fluid pressure was re- 
corded by transabdominal, intra-amniotic insertion of 
an open-end, fluid-filled catheter connected by way of a 
pressure transducer to a recording polygraph. Values 
of aortic blood pressure were recorded from an open- 
end, fluid-filled catheter threaded through the femoral 
artery to a level between the bifurcation of the aorta 
and the renal arteries. Direct measurement of uterine 
artery blood flow was achieved by means of an elec- 
tromagnetic flow meter. The flow probe was placed on 
the uterine artery, contralateral to the blood pressure 
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Fig. 1. Illustration of the variations in uterine activity recorded over 5 consecutive days during late 
pregnancy, labor, and delivery. Data bars and points represent the average values of intra-amniotic 
pressure and frequency of contraction for each of the 120 hours of continuous monitoring that 
culminated in delivery during a period of light. The alternating 12-hour cycles of light and dark are 
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represented by the clear and stippled background areas, respectively. 


catheter. Placement, calibration, and maintenance of 
the sensors were accomplished by previously estab- 
lished techniques.! 

As soon as the operation was completed, the animal 
was placed in a restraining chair and allowed to recover 
from anesthesia in the recumbent position. Three ‘to 5 
days were allowed for seating of the flow probe before 
“chronic” measurements were undertaken. The ani- 
mals were housed in a controlled environment and 
maintained on alternating 12-hour cycles of dark and 
constant-intensity light. All experimental variables were 
monitored continuously, with the animal maintained in 
an upright, sitting posture throughout the onset of 
spontaneous labor and delivery. 

To facilitate quantitative evaluation of the changes 
occurring in the patterns of the pressure and flow sig- 
nals, mean pressure and flow were determined elec- 
tronically with the use of a l-second time constant. 
These sensor signals were fed on-line into integrating 
preamplifiers calibrated so that the writing styluses 
traveled 50 mm in 30 seconds when receiving a signal 
equal to one half of the measurement scales. Total ac- 
tivity, the area under the polygraph curve, was cal- 
culated by multiplying the number of millimeters 
traveled by the stylus by the appropriate factor. Aver- 
age values of mean pressure and flow were calculated 
by dividing the total integrated activity by the specified 
time interval in seconds. Frequency of contraction was 


expressed zs the average number of complete contrac- 
tion-relaxation complexes occurring above baseline 
pressure per minute. 


Results 


The onset of spontaneous labor and delivery were 
studied for 18 pregnancies in 17 monkeys. The time 
interval from operation until delivery ranged from 8 to 
24 davs. Satisfactory continuous measurements of uter- 
ine artery blood flow in chronic preparations were ob- 
tarned in 10 animals, and of aortic blood pressure in 11. 
Postconceptional duration of pregnancy was known 
within +2 days, and on the date of delivery varied from 
144 to 165 days. In nine monkeys, delivery occurred 
during the 12-hour period of light, and in nine it oc- 
curred during the period of darkness. 

One animal was followed through two successive 


_ pregnancies that occurred `13 months apart. The 


hourly average valués of uterine activity recorded dur- 
ing the 5 days terminating in delivery at 1246 hours, 
during the period of light, are displayed graphically in 
Fig. 1. The biorhythms of uterine activity observed 
during late pregnancy’ are reiterated, with the highest 
hourly average values of intra-amniotic pressure and 
frequency of contraction occurring during the periods 
of light or early evening, and the lowest values during 
the periods of darkness or early morning. The high 
hourly average values of intra-amniotic pressure re- 
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Fig. 2. Hourly average values of uterine activity recorded during a subsequent pregnancy in the same 
animal as in Fig. 1. Delivery occurred during the period of darkness. A shift in the relationship of 
maximal values of intra-amniotic pressure and frequency of contraction to the periods of light and 
dark occurred 48 to €0 hours prior to delivery. 


corded approximately 24 to 30 hours before delivery 
occurred during the period of evolution from the ir- 
regular, low-amplitude contractions of late pregnancy 
to the simple, coordinated, contractile pattern charac- 
teristic of prelabor.? A- decrease -in average intra- 
amniotic pressure and frequency of contraction was 
observed in the 6- to 8-hour period prior to delivery 
and before the onset of contraction complexes charac- 
teristic of active labor. The time from onset of these 
uniform contractions until delivery was 3 hours and 16 
minutes. | E 
Fig. 2 displays the hourly average values of uterine 
activity recorded from:120 hours of continuous moni- 
toring during the subsequent pregnancy in -Monkey 
904, when Gelivery occurred at 0357 hours, during the 
period of darkness. Despite the differences between 
light and dark and in gestational age at the time of 
delivery, a sinusoidal pattern of average intra-amniotic 
pressure values, with a decrease preceding the pro- 
gression into the higher values of labor and delivery, 
was noticed again. However, on the day prior.to deliv- 
ery, the lowest average values of intra-amniotic pres- 
sure occurred during the period of light, whereas the 
highest values were observed Curing the period of 
darkness. This shift in circadian rhythm occurred 48 to 
60 hours prior to delivery and immediately followed a 
prolonged period of increased uterine activity that €x- 
tended from the higher hourly average values re- 
corded during the period of light on the preceding 


day. Frequency of-contraction displayed a similar phase 
shift. In this pregnancy, the duration of active labor, 
evidenced by high-amplitude, uniform contractions, 
was 7 hours and 43 minutes. For the other 16 de- 
liveries, the length of active labor ranged from approx- 
imately 50 minutes to almost 9 hours. 

The analysis of variance for Fourier terms? indicated 
that the spontaneous variations in hour-to-hour values 
of average intra-amniotic pressure resulting in delivery 
could be characterized by statistically significant Fou- 
rier curves (F2,2, = 22.81 for Fig. 1, and 14.72 for Fig. 
2). However, for both deliveries, the multiple correla- 
tion coefficients (0.634 and 0.583) indicated that there 
was considerable scatter of the actual values about the 
calculated curves. The changes in hourly average val- 
ues of contraction frequency in Fig. 1 did not conform 
to a statistically significant Fourier pattern (Fz, = 
1.68). The changes in frequency in Fig. 2 conformed to 
the equation y = 0.20 + 0.03 (cos ct) — 0.15 (sin ct), 
where ct represented time in radians (Fe, = 73.10; 
multiple correlation coefficient 0.950). 

In an effort to better characterize the observed 
changes mathematically, we subjected to analyses of 
variance for regression? the hourly average values of 
intra-amniotic pressure and frequency of contraction. 
Comparisons made for Fourier curves with component 
exponential, linear, logarithmic, or power functions 
calculated from values recorded in another monkey 


over a 36-hour period terminating in delivery during 
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Table I. Analysis of variance for regression of hourly average values of uterine activity recorded over 


a 36-hour period terminating in delivery on postconceptional day 162 


+ 2 (M-201) 









Intra-amntotic pressure 
(average), mm Hg 







Frequency of contraction . 
(average), contractions/minute 


Degrees Multiple Multiple 
Source of freedom | Mean square | F ratio | correlation coefficient Mean square | F ratio | correlation. coefficient 
Regression equation: y = a) + a, (cos ct) + b, (sin ct) + c, e&? 

Regression on b, 3 344.25 126.49 0. 999 0.4210 5.61 0.344 
Residual 32 272 0.0750 

. Regression equation: y = a, + a; (cos ct) + b; (sin ct) + c (ct) ` 
Regression on b, 3 220.61 15.41 0.591 0.8713 53.31 0.860 
Residual 32 14.31 0.0163 . 
Regression equation: y = a, + a, (cos ct) + b, (sin ct) + c (in ct) 
Regression on b; 3 156.84 7.73 0.420 0.5380 8.39 0.440 
Residual 32 20.29 0.0640 — 
Regression equation: y = a, + a, (cos ct) + b, (sin ct) + c; (ct)? 
Regression on b, 3 643.72 33.14 0.792 0.6215 11.05 0.509 
Residual 32 19.41 0.0562 
Total (uncorrected) 36 443.79 0.2474 
Correction for mean l 14856.80 5.2441 


= Time in radians. 


the period of light at 1158 hours are summarized in 
Table I. The highest F ratio (126.49) and multiple cor- 
relation coefficient (0.992), with use of the pressure 
data, were obtained for the regression equation y = 
18.4 — 0.3 (cos ct) + 1.8 (sin ct) + 0.0021 e®, The 
variations in hourly average values of frequency of con- 
traction were best described by a regression equation 
containing both a Fourier and a linear component 
[y = 0.51 — 0.13 (cos ct) + 0.07 (sin ct) + 0.0747 (ct); 
F332 = 53.31; multiple correlation coefficient = 9.869]. 

Fig. 3, A, presents the hourly average values for 76 
hours and the calculated best-fit curve for the last 36 
hours of the variations in intra-amniotic pressure and 
frequency of contraction recorded from a third mon- 
key. Delivery in this animal occurred during the period 
of darkness. The component curves znd the specific 
equations determined by the analysis of variance for 
regression are shown in Fig. 3, B. The F ratios were 
highly significant (F332 = 97.88 for pressure and 80.30 
for frequency). The multiple correlation coefficients 
for pressure and frequency were 0.912 and 0.871, re- 
spectively. The specific time of highest value or ac- 
rophase of the Fourier component of both the pressure 
and the frequency curves occurred during the early 
period of darkness, several hours before delivery. The 
period of change from minimal to progressively in- 
creasing values (the transition curve of the exponential 
function) of changes in amniotic fluid pressure coin- 
cided with the ascending portion of the Fourier com- 
ponent. The linear component of the curve best de- 
scribing the changes in frequency of contractions 
began more than 24 hours before delivery but well 


after the shift of the biorhythms associated with higher 
hourly average values and delivery during the periods 
of darkness. l 

Fig. 4, A, depicts 76 hourly average values and curves 
of best fit calculated by the analysis of variance for re- 
gression for the last 36 hours of intra-amniotic pres- 
sure, aortic blood pressure, and uterine artery blood 
flow recorded during late pregnancy, labor, and deliv- 
ery from a monkey in which delivery occurred during 
the period of light. There was a progressive increase in 
hourly average values of aortic-blood pressure that 
started 24 to 36 hours prior to delivery. This increase 
was associated with a gradual elevation in both systolic 
and diastolic blood pressures during the periods of 
uterine relaxation, as well as the episodic increases en- 
gendered by greater uterine activity. Hourly average 
values of uterine artery blood flow decreased in a fash- 
ion which produced a pattern that was essentially a 
mirror image of the changes in amniotic fluid pressure. 
As labor progressed, the hourly average values of uter- 
ine artery blood flow successively decreased to levels as 
low zs 58% of the mean flow rate recorded during the 
76 hours illustrated (29.9 ml per minute + 4.3). 

The specific regression equations and the compo- 
nent curves for each variable are illustrated in Fig. 4, B. 
The F ratio and multiple correlation coefficient calcu- 
latec for the composite curve for intra-amniotic pres- 
sure were 116.49 and 0.903, respectively. The highest 
F ratio (97.46) and multiple correlation coefficient 
(0.869) for the changes in aortic blood pressure were 
obtained for the regression equation having both a 
Fourier and a linear component. The curve of best fit 
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Fig. 3. A, Graphic presentation of the hourly average values of intra-amniotic pressure and fre- 
quency of contraction recorded over a 76-hour period in a monkey in which delivery occurred at 
0346 hours. The two continuous solid lines represent the curve of best fit for pressure and for 
frequency calculated by the analysis of variance for regression for the last 36 hours of monitoring. B, 
Ilustration of the component curves and specific equations of both pressure and frequency changes. 
The factor ct represents time in radians. The highest point or acrophase of the Fourier components, 
represented by the solid lines, occurred at 2000 hours for pressure and 1924 hours for fre- 
quency. The broken lines depict the third componente curves for pressure, 0.0081 e” and frequency, 


0.0720 (ct). 


for uterine artery blood flow was composed of a highly 
significant sine curve with a peak or semiamplitude of 
4.5 ml/min above the mean and a negative exponential 
function (F ratio 94.26, multiple correlation coefficient 
0.844). The transition curve of the exponential com- 
ponent occurred during a descending phase of the 
Fourier element and after the reciprocal changes in the 
exponential portion of the intra-amniotic pressure 
variations. Resistance to uterine blood flow, calculated 
as the quotient of hourly average values of aortic blood 
pressure less intra-amniotic pressure divided by corre- 
sponding hourly average values of uterine artery blood 
flow, ranged from 2.57 to 5.97 mm Hg: ml- min 
and was significantly correlated with changes in uterine 
pressure (r = 0.927, p < 0.001). The hourly average 
variations in total uterine vascular resistance were best 
described by the equation, y = 3.79 — 0.46 (cos ct) + 
0.22 (sin ct) + 0.0002 e® (F ratio 83.80, multiple corre- 
lation coefficient 0.966). 

Changes in average values of amniotic fluid pressure, 
aortic blood pressure, and uterine artery blood How 
recorded over a 5-day period in another monkey in 
which delivery occurred during the period of darkness 
are presented in Fig. 5. Forty-eight to 60 hours prior to 
delivery, a shift occurred in the biorhythm of maximal 


and minimal hourly average values of intra-amniotic 
pressure in relation to periods of light and dark. Uter- 
ine artery blood flow displayed a corresponding shift, 
with higher hourly average values occurring during the 
periods of light, when intra-amniotic pressures were 
lower. However, higher hourly average values of aortic 


‘blood pressure continued to occur during the periods 


of light, and lower values, during the periods of dark- 
ness. With the exception of these changes in light arid 
dark: relationships, the patterns of change in uterine 
activity and hemodynamics associated with labor and 
delivery were similar to those observed when delivery 
occurred during the period of light. There was a pro- 
gressive increase in hourly average values of aortic 
blood: pressure that started 24 to 30 hours prior to 
delivery and reached values 20% above the mean for 
the 5-day period, 115.4 mm Hg + 10.5. As labor pro- 
gressed, the hourly average values of uterine artery 
blood flow decreased to levels as low as 65% of the 
mean flow rate recorded during the 120 hours illus- 
trated (32.1 ml/min + 3.0). Changes in uterine vascu- 
lar resistance ranged from 2.63 to 4.16 mm Hg: 
ml~* - min and were closely related to changes in am- 
niotic fluid pressure (r = 0.921, p < 0.001). 

Table II summarizes the data obtained from 12 
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Fig. 4. Graphic presentation of the variations in hourly average values of intra-amniotic pressure, 
aortic blood pressure, and uterine artery blood Aow monitored over 75 hours (4), and the compo- 
nent curves and multiple regression equations calculated for the last 36 hours of monitoring (8) in an 
animal in which delivery took place at 1252 hours. Aortiz blood pressure began to increase in a 
progressive, linear fashion 24 to 36 hours before delivery. The variations in hourly average values of 
uterine artery blood flow essentially mirrored the changes -n intra-amaziotic pressure. The hour-to- 
hour changes in amniotic fluid pressure were linearly relzted to the variations in both blood flow 
(r = —0.835) and blood pressure (r = 0.690). The correlation between blood flow and blood pres- 
sure was also statistically significant but inversely related (c = —0.593, p < 0.05). 


other deliveries that were subjected to the analyses of 
variance for regression. In 1] animals, the curve of best 
fit to the spontaneous changes in amniotic fluid pres- 
sure was comprised of a highly significant sine curve 
and an exponential element. The F ratios ranged from 
63.51 (M-610) to 115.19 (M-908); multiple correlation 
coefficients ranged from 76.43 (M-010) to 139.35 (M- 
1909). The highest point or acrophase of the Fourier 
curve always occurred within 7 hours of the time of 
delivery and was within | hour in five pregnancies. In 
each instance, the transition phase of the exponential 
component occurred during the ascending limb of the 
Fourier curve. The other monkey (M-1905) had a 
breech presentation and a prolonged labor. The equa- 
tion y = 16.4 + 4.7 (cos ct) + 1.2 (sin ct) + 0.08 (ct) 
yielded the highest F ratio (53.31) and multiple corre- 
lation coefficient (0.605) for the pressure values. The 
changes in hourly average values of contraction fre- 
quency increased in a linear progression during the 24 


to 36 hours before delivery for all 12 animals. Inv 


three deliveries, a statistically significant Fourier com- 
poneat in the changes of frequency of contraction 
coulc net be demonstrated. 

The curve of best fit describing the variations in uter- 
ine artery blooc flow was consistently composed of both 
a cos: ne and a negative exponential element beginning 
after the corresponding changes observed in intra- 
amniotic pressure values. Even in the animal in which 
delivery was by breech presentation, the regression 
equation v= 26.34 3.1 (cos ct)- 18 (sin ct) — 
0.0097 e? best described the blood flow variations 
(Fasc = 77.29, multiple correlation coefficient = 
0.791). The average blood flow rate during the hour of 
delivery was 31.3% below the mean flow calculated for 
the multiple regression equation, 29.7 ml per minute + 
5.2. In all nine animals in which chronic continuous 
measurements of aortic blood pressures were obtained, 
the variations in hourly average values were best de- 
scriked statistically by the regression equation, 
y = a, t+ a, (cos ct) + b, (sin ct) + c, (ct). The F ratios 
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Fig. 5. Illustration of the variations in uterine dynamics recorded over 120 consecutive hours during 
late pregnancy, labor, and delivery. The linear correlation coefficients calculated by the method of 
least-squares for comparison of the changes in hourly average values of intra-amniotic pressure with 
values of blood pressure and flow for corresponding hours were 0.432 and —0.994, respectively. The 
linear correlation coefficient obtained for comparison of blood flow to blood pressure was —0.398 


(p <0.05). 


ranged from 83.45 (M-610) to 133.65 (M-609}, and 
multiple correlation coefficients ranged from 0.620 
(M-906) to 0.837 (M-010). Regardless of the association 
of light or dark to the time of delivery, the highest 
value of the Fourier component occurred during the 
period of light or early evening hours. The linear por- 
tion of the increase in blood pressure values averaged 
-16.8 mm Hg + 5.6 and usually began in conjunction 
with the ascending portion of the Fourier component. 
Uterine vascular resistance consistently followed a pat- 
tern characterized by an exponential increase. The F 
ratios ranged from 78.27 (M-609) to 91.51 (M-906). 
Multiple correlation coefficients ranged from 0.787 
(M-609) to 0.909 (M-1907). The linear correlation of 
vascular resistance was more closely related to the 
changes in intra-amniotic pressures than to the varia- 
tions in aortic blood pressures. 

The 12 hour-periods of light and dark were shifted 
180 degrees 5 (M-908) and 8 (M-910) days prior to 
delivery for two animals. As had been previously ob- 
served,! the time of maximal and minimal values of the 


pressure and flow curves shifted to correspond to the 
new periods of light (1600 to 0400 hours) and dark 
(0400 to 1600 hours) within 72 hours of the change in 
light. However, the relationships of the biorhythms of 
uterine dynamics associated with labor and delivery 
persisted. 

The changes in hourly average values of uterine ac- 
tivity and hemodynamics recorded over 5-day periods 
from the nine animals in which all sensors functioned 
satisfactorily throughout labor and delivery are pre- 
sented as composites in Fig. 6. The data points were 
compiled from the four monkeys in which delivery oc- 
curred during a period of light (4) and the five mon- 
keys in which delivery occurred during a period of 
darkness (B). A sinusoidal pattern was present for all 
variables. Within both groups, the greatest variability 
between animals occurred in uterine artery blood flow 
values, as evidenced by the wider 95% confidence in- 
tervals. During the first 3 days illustrated, the mean 
hourly average values of frequency of contraction of 
the animals in which delivery occurred during a period 
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Table IX. Periodic regression (24-hour) parameters, second component, and linear regression correlations 
of uterine activity, uterine artery blood flow, and aortic blood pressure calculated from measurements in 12 
monkeys during the 36-hour period terminating in delivery 
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amplitude | hours} 
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ceptional 
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(days + 2) 














Linear 
correlation coefficient 


Animal 






Vartable* Mean 






Period of light 0400 to 1600 hours; period of dark, 1600 to 0400 hours 
Delivery occurred during the as of ven 


M-906 160 IAP (mm Hg) 2.2 1016 (1.0020 e? = 1232 —0.885+ (UBF:IAP) 
UCF (contractions/min) ee 0.13 1434 0.0481 (ct) 
UBF (ml/min) , 30.6 5.1 2251  —0.0009 e“? —0.599+ (UBF:ABP) 
ABP (mm Hg) 116.8 4.0 1346 0.9897 (ct) 0.602 (ABP:IAP) 
UVR (mm Hg ` ml - min) 3.3 0.8 1102 0.0003 e&? 0.9517 (UVR:IAP) 
M-1905 163 IAP(mmHg) ` 16.4 4.8 1102 0.08 (ct) 0806 —0.675+ (UBF:1AP) 
UCF (contractions/min) ° 0.44 0.5890 (ct) 
UBF (ml/min) 26.3 3.6 2159 + ~0.0007 e? 
M-1906 15] IAP (mm Hg) ` 19.5 3.0 1358 0.00126? 1506  —0.889t (UBF:IAP) 
UCF (contractions/min) 0.43 0.19 1221 0.0914 (ct) 
UBF (ml/min) . 30.8 5.8 0096  —0.0008 e&? —0.488t (UBF:ABP) 
ABP (mm Hg) 115.7 16.4 1492 2.1 (ct) 0.452} (ABP:LAP) 
UVR (mm Hg: mi: min) 3.1 0.5 1431 1.0002 e? 0.9667 (UVR:IAP) 
M-1908 157 IAP (mm Hg) 16.2. _ 4.2 1040 0.0019 ee? 1102 —0.793t (UBF:IAP) 
UCF (contractions/min) -0.52 0.14 1129 0.0618 (ct) 
UBF (ml/min) -= 30.0 5.4 0035 ~0.0014 e& —0.642+ (UBF: ABP) 
ABP (mm Hg) 105.1 13.7 1043 0.9787 (ct) 0.5317 (ABP:IAP) ~ 
UVR (mm Hg - ml~! > min) 2.9 0.6 1041 9.0003 e” 0.874t (UVR:IAP) 
Delivery occurred during the period of dark 
M-609 146 -IAP (mm Hg) , 13.2 1.9 0141 9.0010 e” 0229 —0.817+ (UBF:IAP) 
UCF (contractions/min) — 0.49 0.20 2043 D.1085 (ct) 
UBF (ml/min) _ 29.6 2,6 0838 —D.0011 e“® —0.278 (UBEF:ABP) 
ABP (mm Hg) 114.9 6.6 0821 2.5 (ct) 0.074 (ABP:IAP) 
UVR (mm Hg: ml“: min) 3.2 0.7 0039 0.0003 et 0.878+ (UVR:IAP) 
M-610 159 IAP (mm Hg) " 15.7 1.9 2041 0.0019 e9 0044 
UCF (contractions/min) ` 0.31 l 0.0861 (ct) 
ABP (mm Hg) 108.1 7.7 1C16 3.3 (ct) 0.148 (ABP:IAP) 
M-1900 161 IAP (mm Hg) ` 19.5 5.2 1406 0.0029 eE = 1804 
UCF (contractions/mnin) 0.48 0.0433 (ct) 
M-1907 159 IAP (mm Hg) . 19.4 6.7 2118 0.0031 e“ 0401  —0.951t (UBF:IAP) 
UCF (contractions/ nin) -0.39 0.15 1553 0.0445 (ct) 
UBF (ml/min) l 32.5 3.9 0938  —0.0013 e" —0.254 (UBF:ABP) 
ABP (mm Hg) 109.8 5.1 1540 1.6 (ct) 0.242 (ABP:IAP) 
UVR (mm Hg: ml? : min) 3.4 0.3 1822 9.002 e? 0.9577 (UVR:IAP) 
M-1909 157 IAP (mm Hg) 18.3 3.2 0054 0.0020 e° 2400 —0.794t (UBF:IAP) 
UCF (contractions/min) 0.28 0.10 0027 0.0804 (ct) 
UBF (ml/min) 22.1 2.7 1205 -~0.0009 e&? 0.761+ (UBF:ABP) 
ABP (mm Hg) 113.4 8.8 1238 2.1 (ct) —0.532+ (ABP:IAP) 
UVR (mm Hg: ml"! - min) 2.8 0.4 0031 0.0002 e£? 0.884+ (UVR:1LAP) 
M-1950 156 IAP (mm Hg) 16.2 3.4 0341 0.0025 e©" 0257  —0.803ł (UBF:IAP) 
UCF (contractions/min) 0.35 0.18 0219 0.0374 (ct 
UBF (ml/min) 33.7 3.7 1557 ~-0.00011 e&? 0.6217 (UBF:ABP) 
ABP (mm Hg) 110.9. 9.7 1444 1.9 (ct) —0.137 (ABP:IAP) 
UVR (mm Hg: mF! : min) 2.4 0.3 0259 0.0003 e€”? 0.911¢ (UVR:IAP) 


Period of light 16C0 to 0400 hours: period of dark 0400 to 1600 hours 
Delivery occurred du-ing the period A light 


M-908 165 IAP (mm Hg) 18. 2.0 1324 0.0023 e? 2031 —0.782¢ (UBF:IAP) 
UCF (contractions; min) ie 0.11 1118 0.0491 (ct) 
UBF (ml/min) 37.1 4.9 0926 —0.0010 e? 
Delivery occurred during the pote T dark 
M-010 ' 154 IAP (mm Hg) 2.6 0703 0.0030 e 1043 
UCF (contractions. min) 056 0.08 0500 0.0702 (ct) 
ABP (mm Hg) 112.1 8.2 0237 0.7975 (ct) 0.507} (ABP:IAP) 


*IAP = intra-amniotic pressure; UCF = uterine contraction frequency; UBF = uterine artery blood flow; ABP = aortic blood 
pressure; UVR = uterine vascular resistance. 


tp < 0.05. . 


694 Harbert and Spisso 





Vascular 
resistance 
(average) 4 
PRU 


O 
Blood 
flow 30 
(average) 
ml/min 


Blood 
pressure 


(average) 
mmHg 90 


Frequency 1.0 
(average) 


contractions 
per minute O 


intra — 
amniotic 20 
pressure 
mmHg 


ili 


2400 2400 2400 2400 2400 


delivery 4 


“pad 
i 


November 15, 1980 
Am. J. Obstet. Gynecol. 


delivery ¥ 








i 
' 


ja (ita: ae A nA 
ex 


2400 2400 2400 2400 2400 





Time- hours 


Fig. 6. Composite drawings of the biorhythms of uterine activity and hemodynamics recorded 
during the 120-hour period terminating in spontaneous labor and delivery. The mean hourly aver- 
age values of intra-amniotic pressure, frequency of contraction, aortic blood pressure, uterine artery 
blood flow, and uterine vascular resistance were calculated from continuous recordings made in four 
monkeys in which delivery occurred during the period of light on postconceptional days 151, 154, 
157, and 160 (A) and in five monkeys in which delivery took place during the period of darkness on 
postconceptional days 146, 156, 157, 157, and 159 (B). The narrow outer lines represent the 95% 
confidence intervals determined for individual mean values. Peripheral resistance units (PRU) were 
calculated by the formula (aortic blood pressure — intra-amniotic pressure) + uterine artery blood 


flow. 


of light were statistically greater than those of animals 
in which delivery occurred during a period of darkness 
(t= 7.77, p < 0.001). The shift in occurrence of maxi- 
mal values of uterine activity from periods of light to 
periods of darkness in those animals in which delivery 
took place during the period of darkness is reiterated. 


Comment 


Continuous monitoring in the unanesthetized sub- 
ject allows for observation and interpretation of spon- 
taneous changes in uterine dynamics that may not be 
appreciated by sporadic recordings or by acute mea- 
surements performed in anesthetized subjects. When 
analyzed as a continuum, the recurring variation in 
contraction pattern characteristic of spontaneous ac- 
tivity of both human‘ and nonhuman primate? uterine 
muscle has been shown to result in differences in 
hourly average values of intrauterine pressure and fre- 
quency of contraction that modulate with periods of 


light and dark and can be characterized by statistically 
significant Fourier curves. In the rhesus monkey, 24- 
hour biorhythms of hourly average values of intra- 
amniotic pressure, uterine artery blood flow, and aortic 
blood pressure are consistent findings during mid and 
late gestation.! The present study demonstrates that 
these circadian biorhythms in uterine dynamics are in- 
corporated in a distinct and predictable manner into 
the events characterizing labor and delivery. The pat- 
terns of variation associated with parturition can be 
described statistically (Table I) and are observed to be 
repetitive for the same monkey during successive 
labors (Figs. 1 and 2), as well as for labors in other 
animals (Figs. 3-5). The similarities exist despite differ- 
ences in the duration of pregnancy and of active labor. 
The greatest variability in the patterns depends on 
whether delivery occurred during a period of light or a 
period of darkness. 

The association of the circadian rhythms to the pro- - 
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cess of labor and delivery is reiterated by the observation 
that higher hourly average values of uterine activity 
occurred 24 to 36 hours before delivery for all animals 
studied (Figs. 1-5). In addition, the transition from min- 
imal to progressively increasing hourly average values 
of intra-amniotic pressure consistently began during the 
ascending portion of the Fourier variation in pressure 
values (Figs. 3 and 4). Delivery also usually occurred 
close to the highest hourly average value or apogee of 
the Fourier rhythm in spontaneous uterine activity. 

In those animals in which delivery takes place during 
the period of darkness, parturition appears to override 
any synchronizing effect of light and dark on the pe- 
riod of maximal uterine activity, and the highest values 

are observed during the period of darkness (Figs. 2, 3, 
5, and 6, B). The consistency of this shift in the time of 
highest value or acrophase of the Fourier rhythm in 
relation to the periods of light and dark allows its use as 
an indicator of impending delivery and suggests that 
specific changes directly related to parturition occur 
within the maternal organism 2 to 2⁄2 days prior to 
delivery. Although this relationship was seen only in 
those animals in which delivery occurred during the 
periods of darkness, the causative factors may be pres- 
ent also in those animals in which delivery takes place 
during a period of light. Such presence may explain 
the statistically higher values of contraction frequency 
recorded 3 to 5 days prior to parturition when delivery 
occurs during a period of light (Fig. 6). 

The presence of prodromal events is evidenced also 
in the patterns of frequency of contraction and of aor- 
tic blood pressure. However, the factors which begin 
approximately 24 hours prior to delivery to engender 
the linear increase in frequency of uterine contractions 
do not result in detectable concomitant iricreases in 
the hour-to-hour variations of intra-amniotic pressure 
(Fig. 3). Likewise, the progressive increase in blood 
pressure that begins 24 to 36 hours before delivery is 
not reflected in the patterns of uterine artery blood 
flow, intra-amniotic pressure, or uterine vascular resis- 
tance (Figs. 4-6). The fact that the circadian pattern of 
change in aortic blood pressure did not shift in those 
animals in which delivery occurred during the period 
of darkness suggests that the major events engendering 
these prodromal changes are occurring within the 
uterus rather than systemically. 

The chronology of alterations in the biorhythms of 
uterine dynamics associated with labor and delivery 


favors a complex mechanism of both steroidal and . 


nonsteroidal effectors in the biochemical regulatory 
processes. The diurnal variation of spontaneous uterine 
activity of the nonpregnant uterus 1s positively corre- 
lated with alterations in urinary excretion of norepi- 
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nephrine in both thé human‘ and the nonhuman pri- 


mate.® These associations suggest that catecholamines, | 
specifically norepinephrine, could initiate the cascade 
of factors involved in the mechanisms of parturition. 
However, uterine motility is controlled by a variety of 
biochemical regulatory processes, and the possible 
influence of norepinephrine on initiation of labor may 
be incirect rather than direct. Comparison of the F 
ratios and multiple correlation coefficients obtained by 
application of the analysis of variance to the hourly 
average values of uterine activity (Table I) suggests that 
labor and delivery are not a simple extension or a har- 
monic of these circadian variations but incorporate 
other processes, as well. 

In the nonpregnant monkey, the Fourier variation of 
both contraction frequency and intra-amniotic pres- 
sure is depressed or abolished by either the depletion 
of catecholamines or.alpha adrenergic blockade.® The 
observation in four of the 18 deliveries that the pattern 
of frequency of contractions recorded during the last 2 
days of pregnancy was not associated with detectable 
circadian rhythms further suggests that norepineph- 
rine and alpha adrenergic receptors are not the sole 
biochemical mechanisms responsible for the changes. 
Alternative possibilities include either a dampening ef- 
fect on the biorhythms by increased beta adrenergic 
activity suppressing a detectable amplitude of patterns 
or the overriding effect of some other substances. Evi- 
dence ot these possibilities lies in the report that altera- 
tion in catecholamine sensitivity is related to progester- 
one versus estrogen dominance, thus suggesting that 
the steroid hormones influence either catecholamine 
receptor concentration or the coupling of receptors to 
the expression of myometrial function.’ An increase in 
the concentration of estrogens in the amniotic fluid, as 
well as peripheral plasma, has been demonstrated in 
the “hesus monkey a few days prior to delivery.’ 

Additional substances that may be involved are pros- 
taglandins. Adrenergic nerve stimulation with release 
of rorepinephrine has been demonstrated to induce 
reledse of prostaglandins from several organs in vari- 
cus species.* Other reports have indicated that prosta- 
glar.dins of the E and A series, in turn, may influence 
responses of sympathetic nerve stimulation.’ 1! Eleva- 
tion of prostaglandin F in decidua and amniotic fluid of 
the rhesus monkey preceding and during delivery has 
been demonstrated.” Prostaglandins are also impor- 
tant regulators of blood flow. In general, prostaglan- 
dins of both the E and F series not only have a direct 
action on vascular smooth muscle but also facilitate ad- 
renergic vasoconstriction responses.'* Prostaglandin E, 
may be involved in mediating the uterine vasodilatation 
prcduced by estrogens.’ Prostacyclin (PGI) is a circu- 
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lating hormone” that has been demonstrated to have 
. both vascular and uterine muscle relaxant properties.'® 

Although the precise controlling mechanisms remain 
obscure, the present study does demonstrate that the 
processes of labor and delivery in the nonhuman pri- 
mate follow distinct and predictable patterns that may 
be manifested by spontaneous changes in the bio- 
rhythms of uterine activity initiated 2 to 2% days before 
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vide a full range of medical services, including obstetrics. Rapid ex- 
pansion is anticipated, with the addition of a second obstetrician- 
gynecologist. expected by 1983, 


sionally stimulating, offerin the physician a pure practice free of 


business. and administrative concerns. A comprehensive salary and. 
benefits package, including a sabbatical program, malpractice 
coverage, three weeks vacation and one week educational leave to Aa 


start, life, medical/dental and disability insurance, and two excellent 


retirement programs, is provided. The physician is eligible for =] 


ownership participation after two years. with the program. 


Salem, the capital of Oregon, has approximately 100,000 


people and is located in a stable, prosperous economic region of the 
beautiful. Northwest. Outdoor recreational facilities are superb, in- 
cluding excellent skiing, backpacking, fishing and boating. 

Please sent. two (2). copies of your curriculum vitae with 
your initial response to: 


Marvin Q. Goldberg, M.D. 
President, Northwest Permanente, P.C. 
1500 5.W. First Avenue, Eleventh Floor 
Portland, Oregon, 97201: 


An Equal Opportunity Employer 
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porenysicians GROUP PRACTICE OPPORTUNITIES | 
Pacific Northwest | 
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Rapid membership growth has created an immediate opening in the Ii 


Department of Obstetrics / Gynecology of Northwest Permanente. P.C in : 
| Portland. Oregon. We are seeking obstetrician/ gynecologists to join ano}: 
active Service with over 3,900 annual deliveries. a high risk intensive care | 


| Nursery and complete fetal monitoring equipment. 


| Nortwhest Permanente, P.-C. is a professional medical corporation which Ae 
provides health care services to the 235.000 members of the Kaiser Fourn- 
dation Health Plan of Oregon. Through its association with Kaiser Founda- 1. 
tion Health Plan, a federally qualified HMO, Northwest Permanente, P.C. 14 


| operates nine outpatient clinics and two full service hospitals. 


| The medical practice is varied and professionally stimulating offering the” 
| physician a pure practice tree of business and administrative concerns, A 
comprehensive salary and benefits package including a sabbatical pro- $ 
gram, maipractice coverage, three weeks vacation and one week educa- 
tonal leave to start, life, medical/cental and disability insurance along 
_ with two excellent retirement programs is provided. The physician is eligi- 


| ble for ownership participation after two years. 


| Portland, Oregon, on the Columbia and Willamette Rivers, is a city witha 
| moderate climate located in a Stable, prosperous economic region of the 
| beautiful Nortnwest. Outdoor recreational facilities are superb and include | 
J | excellent skiing, backpacking, fishing and boating opportunities. The En- | 
_ vironmental Protection Agency, in a recent study, selected Portland as the 


“most livable city” in the United States. 
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1500 S.W. 1st Avenue, 11th Floor, Portland, Oregon, 97201. 
NORTHWEST PERMANENTE, P.C. — 
PHYSICIANS & SURGEONS 


An Equal Opportunity Employer 


Cre 


By 


Please send two { 2) copies af a curriculum vitae with your initial response: | 
| fo Marvin P. Goldberg, M.D. President, Northwest Permanente, P.C- | 
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MATERNAL- 
FETAL MEDICINE 


The Department of Obstetrics and Gynecology 
of the Baystate Medical Center in- Springfield, 
Massachusetts is seeking a full time Director for 
_ its Perinatal program. There are 5,000 in-house 
- deliveries as well as 5,000 0 deliveries i in 7 affiliated 
_ hospitals for this Perinatal system. The Depart- 
ment is affiliated with both Tufts and the Uni- 
versity of Massachusetts Schools of Medicine. 
The Department. has 40 community based Ob- 
stetricians- Gynecologists, 16 residents, and 4 
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FACULTY POSITION 


Generalist in OB/GYN. Department of 
Obstetrics and Gynecology, E. A. Conway 
Memorial Hospital, Monroe, Louisiana. 
OB/GYN program affiliated with LSU 
School of Medicine in Shreveport. Full-time 
faculty position. Salary and academic rank — 
commensurate with qualifications. All ap- 
plicants should be medically licensed in 
Louisiana or eligible for medical license in 
Louisiana. Applicants should be Board 
Certified or Eligible and have a personal 
commitment to academic ant clinica 
medicine. | - 


Interested candidates shouts co tact: 


Dr.. Dale R: Dunnihoo PES 
Professor and Director of Obs etrics 
and Gynecology 
E. A Conway Memorial Hospital 
: Monroe, LA 11201 
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Effect of blood in amniotic fluid on the detection 


of phosphatidylglycerol 


HOWARD T. STRASSNER, JR M.D. 
SEEVEN H. GOLDE, NJD. 

GLADYS H. MOSLEY, M:S. 
LAWRENCE D. PLATT, M.D. 

Los Angeles, California 


Samples of amniotic fluid were mixed with serum or red blood cells (RBC) in order to determine the 
effect of blood contamination on the detection of phosphatidylglycerol (PG). Samples of amniotic 
fluid were obtained from patients in the second trimester of pregnancy and at term. PG standard 
was added to half of the aliquots of the second-trimester fluid. The samples of ‘luid were tested 
before and after the addition of maternal or fetal serum or RBC in concentrations up to 20%. 
Two-dimensional thin-layer chromatographic procedures were performed to determine the presence 
or absence of PG. The results obtained showed that serum or RBC contamination of amniotic fluid 
without PG did not result in the appearance of a PG spot on the chromatographic plate. Neither 
serum nor RBC contamination interfered with the detection of PG in those fluids in which it was 
present. Maternal and fetal blood were similar in their failure to affect the detection of PG. These 
data suggest that PG determination for fetal lung maturity is a reliable test in the presence of bloody 


amniotic fluid. (AM. J. OBSTET. GYNECOL. 138:697, 1980.) 


Since Gluck and associates! introduced the lecithin/ 
sphingomyelin (L/S) ratio, it has become the standard 
test for the assessment of fetal lung maturity, and a 
large body of literature has documented its usefulness 
and reliability. Similarly, the rapid surfactant test 
(“shake test”), described by Clements and associates,” 
has also found wide use and acceptance as a predictor 
of fetal lung maturity. Recently, the presence in amni- 
otic fluid of phosphatidylglycerol (PG), as detected by 
two-dimensional thin-layer chromatography, has been 
shown to correlate well with the presence of fetal lung 
maturity and the absence of respiratory distress syn- 
drome in the neonate.** 

Both the L/S ratio and the shake test suffer a disad- 
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vantage, that is, when amniocentesis is complicated by 
blood contamination of the amniotic fluid, the tests 
either may be invalid or interpretation of them may be 
compromised because of the presence of the blood.*~® 
However, PG is present in relatively large amounts only 
in the lung and in lung surfactant,® "° whereas in other 
mammalian tissues it is either absent or present only in 
minute amounts.'! Therefore, the suggestion has been 
made,® ® !» 13 but not substantiated, that PG determi- 
nation for fetal lung maturity may be reliable and, con- 
sequently, the method of choice when blood contam- 
ination of amniotic fluid occurs. The present study was 
designed to evaluate that hypothesis, specifically, to as- 
certain the effect of contamination of amniotic fluid by 
blood of maternal or fetal origin on the subsequent 
determination of PG. 


Material and methods 


Uncontaminated amniotic fluid was obtained from 
patients who were undergoing amniocentesis late in the 
second trimester of pregnancy or at term. Maternal 
blood was obtained by venipuncture, and fetal blood 
was obtained from the umbilical cord immediately after 
delivery. The cellular and serum fractions of the blood 
were separated by centrifugation, and red blood cell 
(RBC) and serum contaminations were carried out 
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Fig. 1. Two-dimensional thin-layer chromatograms of second-trimester amniotic fluid alone (left) and 


of the same fluid with PG standard added (right). 





Fig. 2. Two-dimensional thin-layer chromatograms of second-trimester amniotic fluid alone (left) and 
of the same fluid after contamination with maternal serum in 20% concentration (right). 


separately. Specimens of blood for the RBC contam- 
ination experiments were collected in heparinized 
tubes, and the cells were washed with saline solution 
prior to use, 

For each experiment, the samples of second-trimes- 
ter amniotic fluid were pooled to provide sufficient 
volume and then divided into several aliquots. PG 
standard (Sigma Chemical Company) was mixed with 
half the aliquots. The aliquots with and without the PG 
standard were then contaminated with either maternal 
serum, maternal RBC, fetal serum, or fetal RBC in 


concentrations from 1% to 20%. Uncontaminated 
samples with and without added PG served as controls 
for comparison with the contaminated specimens. 
Samples of amniotic fluid were also obtained from pa- 
tients at term and were tested without contamination 
and after contamination with maternal serum, mater- 
nal RBC, fetal serum, or fetal RBC in concentrations 
from 1% to 20%. All specimens were prepared and 
tested in duplicate. 

The procedures for PG determination were then 
carried out. All samples were centrifuged (1,100 x g 













Fig. 3. Two-dimensional thin-layer chromatograms of second-trimester amniotic fluid with PG stan- 
dard added (left) and the same fluid with PG standard and maternal serum in 20% concentration 


(right). 





Fig. 4. Two-dimensional thin-layer chromatograms of second-trimester amniotic fluid with 20% 
concentration of fetal serum alone (left) and the same fluid with PG standard added and 20% 


concentration of fetal serum (right). 


for 10 minutes) prior to processing and the fluid was 
decanted. Amniotic fluid lipid extraction and two- 
dimensional thin-layer chromatography were then per- 
formed by the methods previously described for our 
laboratory.* PG was identified on the chromatographic 
plate by its characteristic spot separation pattern. 


Results 
The samples of uncontaminated second-trimester 
amniotic fluid all had immature L/S ratios, and they 


did not yield a PG spot on the chromatographic plate. 
When these uncontaminated fluids were mixed with 
PG standard, a PG spot appeared on the chromato- 
gram in its characteristic location (Fig. 1). 

A PG spot was never produced by serum contamina- 
tion of the amniotic fluid that did not contain PG (Fig. 
2). In addition, serum contamination did not interfere 
with the detection of the PG spot in those fluids to 
which PG had been added (Fig. 3). Maternal and fetal 
serum contamination produced similar results (Fig. 4). 
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Fig. 5. Two-dimensional thin-layer chromatograms of second-trimester amniotic fluid alone (left) and 
the same fluid after contamination with maternal RBC in 20% concentration (right). 





Fig. 6. Two/dimensional thin/layer chromatograms of amniotic fluid from a patient at term with 
naturally occurring PG (left) and the same fluid after contamination with maternal serum in 20% 


concentration (right). 


Serum contamination of the immature second-trimes- 
ter fluids did result in increasing L/S ratios with in- 
creasing serum concentration, although they never 
reached mature values. Also, increasing serum contam- 
ination produced or increased the phospholipid spots 
in locations characteristic for phosphatidylinositol (PJ), 
phosphatidylserine (PS), and phosphatidylethanola- 
mine (PE) (Figs. 2 and 3). 

Neither maternal nor fetal RBC contamination of 
the second-trimester amniotic fluid produced a PG spot 


from those fluids that did not contain the PG standard. 
The RBC contamination also did not interfere with the 
detection of PG in those fluids to which PG had been 
added. Furthermore, RBC contamination did not sig- 
nificantly affect the L/S ratio or the phospholipid pat- 
tern of the immature fluids (Fig. 5). 

In these experiments, all of the samples of uncon- 
taminated amniotic fluid obtained from patients at 
term had mature L/S ratios and naturally occurring 
PG. Neither maternal nor fetal serum contamination of 








Fig. 7. Two-dimensional thin-layer chromatograms of amniotic fluid from a patient at term with 
naturally occurring PG (left) and the same fluid after contamination with fetal RBC in 20% concen- 


tration (right). 


the amniotic fluid prevented the detection of PG (Fig. 


6}. Furthermore, contamination of these samples of 


fluid with RBC, whether of maternal or fetal origin, 
again had no affect on the detection of PG (Fig. 7). 
However, the L/S ratio was lowered with increasing 
serum contamination and did reach immature values. 
RBC contamination did not significantly affect the L/S 
ratio. 


Comment 


Amniocentesis for the purpose of determining fetal 
lung maturity has become an accepted and widely used 
obstetric procedure. Ultrasound examination for local- 
ization of the fetus and placenta prior to amniocentesis 
has reduced, but certainly not eliminated, the occur- 
rence of blood contamination of the amniotic fluid ob- 
tained.’ 418 

The effect of blood contamination of amniotic fluid 
on the determination of the L/S ratio has been system- 
atically evaluated by Buhi and Spellacy,* who reported 
that high L/S ratios were decreased and low L/S ratios 
were elevated after contamination of amniotic fluid 
with either maternal or fetal serum. Our findings sup- 
port theirs. Keniston and associates? have similarly 


evaluatec the effect of blood contamination of amniotic 
fluid on the rapid surfactant test, and found that false 
predictions of maturity may result from such contam- 
ination, It is apparent, then, that both of the tests of 
fetal iung maturity currently in widest use may be sig- 
nificantly compromised by blood contamination of 
amniotic fluid. 

Published clinical studies have indicated that the de- 
tecuon of PG in amniotic fluid by two-dimensional 
thin-layer chromatography reliably and specifically 
predicts functional lung maturity.“"* The present study 
aimed to determine whether the presence of blood in 
amniotic fluid would compromise the reliability of this 
promising new method, and the findings showed that 
blooc contaminants in immature amniotic fluid did not 
produce a PG spot. Moreover, blood contaminants did 
not interfere with the detection of PG when it was pres- 
ent. Both maternal and fetal blood similarly failed to 
compromise the test. Therefore, the determination of 
PG should remain a reliable procedure in the presence 
of bloody amniotic fluid, and may become the proce- 
dure of choice for evaluating fetal lung maturity when 
blood contamination of amniotic fluid occurs. 
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Umbilical venous blood flow and its distribution 
before and during autonomic blockade in fetal lambs 
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In nine chronically catheterized fetal lambs (120 to 135 days; term 147 days), umbilical venous 
blood flow and its distribution were measured by the radionuclide-labelad microsphere technique 
before and during autonomic blockade with atropine (0.20 to 0.25 mg/kg; seven studies) or 
phentolamine (0.10 to 0.12 mg/kg; six studies). Atropine significanly increased mean fetal heart 
rate (182 to 207 beats/min), descending aortic bliocd pressure (49 to 55 mm Hg), and umbilical 
venous blood flow (210 to 239 ml/min/kg fetus), without changing umbilical venous blood pressure. 
Phentolamine decreased mean descending aonic pressure (48 to 45 mm Hg), but did not affect 
heart rate, umbilical venous blood pressure, or umb lical venous biood flow. Neither atropine nor 
phentolamine altered the distribution of umbilical venous blood flow to the ductus venosus, the liver, 
or the other fetal organs. These data indicate that the cholinergic nervous system only indirectly 
affects the basal umbilical venous blood flow in the near-term fatal lamb. This 2ffect is small and is 
secondary to associated changes in heart rate and arterial blood cressure. Neither the cholinergic 
nor the a-adrenergic systems influence the basal distribution of umbilical venous blood flow. 


(AM. J. OBSTET. GYNECOL. 138:703, 1980.) 


UMBILICAL venous blood returning to the fetus either 
is distributed to the liver or is shunted through the 
ductus venosus to supply the other fetal.organs and 
body.!? The mechanisms that regulate distribution of 
umbilical venous blood flow are only partially under- 
stood.?-§. Histochemical and cineangiographic investi- 
gations in the lamb? * and human fetus® 7 have sug- 
gested that the autonomic nervous system affects the 
shunting of umbilical venous blood flow through the 
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ductus venosus. However, no studies have quantita- 
tively assessed the basal influence of the autonomic 
nervous system on the distribution of umbilical venous 
blood flow in the intact unstressed fetus. In the present 
expenments, the effects of cholinergic and a-adren- 
ergic dlockade on umbilical venous and ductus venosus 
blood flows and distributions were determined. 
Cholinergic blockade with atropine and a-adrenergic 
blockade with phentolamine were produced in chron- 
ically catheterized fetal lambs which were remote from 
the surgical and anesthetic influences that can affect 
the systemic and umbilical circulations. 


Methods 


Nine fetal lambs of known gestational ages were 
studied; gestational ages at surgical preparation ranged 
from 118 to 133 days (term = 147 days). After spinal 
or epidural anesthesia was induced in each ewe with 
tetracaine HCl, 1% (Pontocaine, Winthrop), the ma- 
ternal abdomen and pregnant uterine horn were 
opened and polyvinyl catheters were placed in a fetal 
hindīmb vein and in two hindlimb arteries; these 
catheters were advanced into the inferior vena cava 
and descending aorta, respectively.’ Analgesia for 
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placement of the catheters was provided by local 
infiltration of lidocaine HCl, 0.5% (Xylocaine, Astra). 
Two catheters were placed in cotyledonary tributaries 
of an umbilical vein and were advanced 10 to 15 cm so 
that the tps of the catheters were in a main umbilical 
vein.® (All catheter positions were verified at postmor- 
tem examination.) A catheter was placed in the amni- 
otic sac, the uterine incision was closed, and the cathe- 
ters were brought ‘out subcutaneously to the ewe’s 
flank, where they were stored in a canvas pouch. 


Two to 4 days postoperatively, the fetuses of the un- . 


anesthetized ewes were studied as the ewes stood un- 
restrained in an open transport cage. Continuous mea- 
surement was made of fetal descending aortic, inferior 
vena caval, and umbilical venous blood pressures, am- 
niotic fluid pressure, and heart rate, and these were 
recorded on a direct-writing recorder (Beckman Dy- 
nograph R611). Blood pressures were obtained with 
pressure transducers (Statham P23Db) and were cor- 
rected toa common reference point (intrauterine pres- 
sure) by subtracting the simultaneously measured am- 
niouic fluid pressure. Samples of descending aortic and 
umbilical venous blood were obtained for analysis of 
blood gases and pH. Poz, Pcos, and pH were analyzed 
at 37° C with standard electrodes and a blood gas meter 
(Corning 165). 

After stabilization of the circulatory variables had 
been accomplished, radionuclide-labeled microspheres 
(15 um diameter, selected from the following: I, 
MICe, Cr, Sr, Nb, or *Sc-—-3M Company, New 
England Nuclear) were injected into an umbilical ve- 
nous catheter while a reference sample of blocd was 
withdrawn from the other descending aortic catheter.’ 
The volume of blood removed in the reference sample 
(about 10 ml) was replaced with maternal venous 
blood. Then, either atropine, 0.20 to 0.25 mg/kg esti- 
mated fetal body weight (seven studies), or phen- 
tolamine (Regitine, Ciba), 0.10 to 0.12 mg/kg (six stud- 
ies), was administered into an umbilical vein while 
heart rate and arterial and venous blood pressures 
continued to be recorded. Atropine or phentolamine 
was prepared: freshly in 2-ml saline solution and was 
infused over approximately 1 minute. The amount of 
each drug injected for blockade was based on previous 
investigations’® ''; doses were related to fetal body 
weight as estimated at the time of surgical preparation. 
Completeness of cholinergic or a-adrenergic blockade 
was established by the absence of changes in heart rate 
or blood pressure in response to the administration of 
the appropriate agonist (acetylcholine, 10 g/kg, or 
methoxamine, 50 wg/kg!®) into an umbilical vein. Ap- 
proximately 2 minutes after autonomic blockade was 
confirmed, microspheres labeled with a different ra- 
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dionuclide were injected into an umbilical vein while a 
second reference sample of blood was being withdrawn 
from the descending aorta. Another set of determina- 
tions of descending aortic and umbilical venous Peneee 
gases and pH was also obtained. 

Fetal arterial and venous blood pressures and heart 
rates were recorded during all injections of micro- 
spheres and withdrawals of reference samples of blood 
in order to ensure that the circulation remained in a 
steady state during the measurements of blood flow.’ 
Fetal response to only one blocking agent was studied 
per day; a maximum of only two studies was per- 
formed in each fetus. i 

At the end of the studies, the ewe and fetus were 
killed with sodium pentobarbital. The entire uterus 
and its contents were removed, each fetus was dissected 
uniformly, and all animal tissues were analyzed.. Left. 
and right kidneys were analyzed separately in order to 
assess the adequacy of mixing of microspheres in the 
distal aortic bloodstream.” 1? The amount of each 
radionuclide in each tissue sample was measured with a 
well-type. gamma scintillation counter and a multi- 
channel pulse-height analyzer (Inotech, Inc., Searle 
Analytical Co.).° Reference samples of blood and fetal 
organs contained more than 1,500 microspheres. Thus, 
the maximum error in any measurement of blood flow 
or distribution was 5% at the 95% confidence limits.” 

The methods for calculating umbilical venous blood 
flow and its distribution to liver, ductus venosus, and 
the other fetal organs have been described in detail.” %8 


_In summary, the portion of the total radionuclide in- 


jected into an umbilical vein that was trapped in the 


liver represented the fraction of umbilical venous 
blood flow that supplied the liver (fyyvaiven). The re- 


mainder of total umbilical venous blood flow entered 
the ductus venosus to be distributed to the fetal organs, 
body, and placenta. Total umbilical venous blood flow 
(Quv) was assumed to be equal to the arterial blood flow 
to the placenta and was calculated by the reference 
blood flow technique®: Quy = (cpm placenta/cpm ref- 
erence sample) (reference sample blood flow), where 
cpm = radioactive counts/min; reference sample blood 
flow was determined by calibrating the withdrawal 
pump. Umbilical venous blood flow. to the liver 
(Quvatvery) = (Quy) (fuvaiven), and umbilical venous 
blood flow through the ductus venosus (Quvov)) = 
Quv ~ Quvuiven. A small error in Orympy) was made by 
not. including i in this calculation the microspheres that 
entered the ductus venosus and subsequently reached 
the liver via.the hepatic artery. This error averaged 
approximately 1%.’ The above calculations require 
that microspheres injected into an umbilical vern ade- 
quately mix with umbilical venous blood before reach- 
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Table I. Heart rate, blood pressures, and umbilical venous blood flows before and during autonomic blockade 


Phentolamine 


n (studies) ; 7 6 
Gestational age (days) 127 + 5 126 + 5 
Fetal body weight (kg) 2.9 + 0.5 2.9 + 0.5 
Heart rate (bpm) ` 182+ 1] 2C7 + 16* 16& + 9 174 + 13 
Mean blood pressures (mm Hg) i 
Descending aortic 49+ 8 Soi OF 48 +6 45 + 5* 
Umbilical venous 8+? 8+ } 9+3 Bx 3 
Infertor vena caval 3+? 34] 4+] 3x 2 
Mean blood flows (ml/min/kg) 
Umbilical venous (total) 210+ 15 2£9 + 19* 219 + 18 233 + 35 
Umbilical venous flow 101 + 26 162 +56 114 + 38 126 + 29 
to ductus venosus f 
Umbilical venous flow 109 + 22 1:7+47 106 + 20 107 + 30 
to liver ` 
Values are means +1 SD. 
*p < 0.05, two-tailed paired t test. 
Table II. Distribution (%) of umbilical venous blood flow to fetal organs and body before and 
during autonomic blockade 
Liver . 518490 ` 48.8 + 20.9 48.8 + 12.8 45.6 + 9.8 
Brain 2.8 + 1.2 3.2 + 2.1 3.21.5. 33% 1.5 
Heart i 2.0 + 0.3 3.1 + 1.2 9121.7 94+ 1.3 
Lungs 1.2+ 0.8 LIEZ 3.5 2.8 S$. 2.5 
Gut and spleen 3.1 + 0.9 $3.2 Ll 3.8 + 2.1 3.9 = 1.6 
Kidneys 1.0 0.5 l.l 1.0 1.0+ 0.3 0.9+ 0.2 
Body 29.7 + 2.5 22.2 + 4.7 19.6 + 4.1 20.3 + 2.1 
Placenta 15.5 + 5.2 15.6 + 11.1 18.0 + 3.5 20.5 + 3.8 





Values are mean +1 SD; n, gestational ages, and fetal weights for the atropine and phentolamine studies are as in Table I. 


ing the liver or the ductus venosus, which has been 
previously verified.” $ 

All valués presented in the text and tables are 
means + 1 SD. Each fetus served as its own control. 
The two-tailed paired t test was used to compare values 
obtained before and during blockade of the autonomic 
nervous system. Since the blood flow distributions, 
which were ‘percentages, formed a binomial distribu- 
tion rather than a normal distribution, these data were 
first transformed with an arcsine transformation to 
produce a normal distribution for statistical analysis. P 
values <0.05 were considered to be significant." 


Results 


Fetal heart rate, arterial and venous blood pressures, 
blood gases and pH, and umbilical venous blood flow 
and its distribution obtained before administration of 
atropine (n = 7) did not differ significantly from those 
values obtained before administration of phentolamine 
(n = 6) (analyzed by t test of the group means). Gesta- 


tional ages and <etal weights in the two series of studies 
were the same (Table I). Blood gases and pH in blood 
from the descending aorta for the combined series of 
control studies (n = 13) were: pH 7.37 + 9.05; Po, 
19 + 1 torr; and Pco, 43 + 2 torr. Umbilical venous 
blooc gases and blood pH were: pH 7.45 + 0.02; Po, 
26 + l torr; and Pco, 39 + 2 torr. 

Table I shows that cholinergic blockade with at- 
ropire increased fetal heart rate and mean descending 
aortic blood pressure without changing umbilical ve- 
nous or inferior vena caval blood pressures. Total um- 
bilical venous blood flow increased significantly (ap- 
proximately 14%), although there were no significant 
chanzes in umbilical venous flows through the ductus 
venosus or to the liver. Alpha-adrénergic blockade with 
phentolamine did not affect heart rate or umbilical ve- 
nous and inferior vena caval blood pressures, but did 
decrease the mean descending aortic pressure. Total 
umbilical venous blood flow and the umbilical flows to 
ductus venosus and liver were not altered significantly. 
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Table II shows that neither atropine nor phentolamine 
changed the distribution of umbilical venous blood 
flow to the various fetal organs. Within the narrow ges- 
tational age range studied (120 to 135 days), there were 
no obvious differences in vascular responsiveness to 
autonomic blockade due to increases in gestational age 
or fetal weight. Descending aortic and umbilical venous 
blood gases and pH were unaffected by the adminis- 
tration of either atropine or phentolamine. 

The mean difference in radioactive counts per min- 
ute per 100 grams of tissue between the left and right 
kidneys was less than, 8% either before or during au- 
tonomic blockade with atropine or phentolamine, thus 
indicating adequate mixing of microspheres in the dis- 
tal aortic bloodstream during each study. 


Comment 


Histochemical studies have identified cholinergic 
and adrenergic neural fibers in the intra-abdominal 
portion of the umbilical vein and in the fetal ductus 
venosus, In the lamb fetus, Barron? found that the 
smooth muscle of the ductus venosus was innervated 
only by nerve fibers from the two vagi. Ehinger and 
associates® identified only adrenergic innervation in the 
intra-abdominal umbilical vein and in the ductus ven- 
osus of the human fetus, whereas Pearson and Sauter’ 
recognized both cholinergic and adrenergic nerve 
fibers. The cineangiographic studies of Arstila and as- 
sociates* in lambs suggested that the ductus venosus 
contained cholinergic and adrenergic receptors which, 
when stimulated, resulted in its dilation. Arstila and 
associates,4 Ehinger and associaies,® and Pearson and 
Sauter’ speculated that either the parasympathetic or 
the sympathetic nervous systems; or both, directly 
infiuenced ductus venosus blood low. However. their 
studies, did not indicate whether blockade of the au- 
tonomic nervous system affected distribution of umbil- 
ical venous blood flow to the ducius venosus or the 
various vital organs of the intact fetus in utero. 

The present investigations showed that the au- 
tonomic nervous system only minimally affected basal 
umbilical venous blood flow or its distribution in the 
undisturbed near-term fetal lamb. Selective blockade 
of the cholinergic nervous system with atropine in- 
creased fetal heart rate and descending aortic blood 
pressure, changes that were consistent with those of 
previous studies,'” 1! Since umbilical blood flow corre- 
lates positively with fetal heart rate and arterial blood 
pressure," increases in heart rate or descending aortic 
pressure induced by cholinergic blockade might be ex- 
pected to secondarily increase umbilical venous blood 
flow. Thus, our finding of a 14% mean increase in 
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umbilical venous blood flow during cholinergic recep- 
tor blockade was probably due secondarily to increases 
in arterial blood pressure and fetal heart rate, rather 
than to specific effects of parasympathetic blockade on 
the umbilical vein, the circulation in the liver, or the 
ductus venosus. Nonetheless, it is possible for cholin- 
ergic blockade to influence the vasculature of the liver 
and the ductus venosus directly. McCuskey®> demon- 
strated that blood vessels in the fetal rabbit liver dilated 
in response to topical administration of acetylcholine, 
the cholinergic neurotransmitter, thereby indicating 
that the vasculature of the liver contained cholinergic 
receptors. In the lamb, Arstila and associates! found 
that either the administration of acetylcholine or vagal 
stimulation caused dilation of the ductus venosus. 
These two studies* ë suggested that parasympathetic 
stimulation produced increased blood flow to both the 
liver and the ductus venosus. Since autonomic blockade 
reflects withdrawal of the influence of the autonomic 
nervous system, cholinergic blockade should, if any- 
thing, decrease flow through these two circulations; 
our findings indicated no such influence. | 
Alpha-adrenergic blockade with phentolamine did 
not change heart rate or umbilical blood flow but did 
result in a small decrease in descending aortic mean 
blood pressure, findings that have been reported pre- 
viously. ! 1L 15 Since there was little absolute change in 
heart rate or arterial pressure, total umbilical blood 
flow would not be expected to change significantly," 


‘unless autonomic blockade influenced the umbilical or 


liver circulations or the ductus venosus directly. Al- 
though there are few, if any, adrenergic nerve fibers or 
receptors in the umbilical circulation,® “ adrenergic 
nerves are present in the fetal liver circulation? and in 
the ductus venosus.® 7 Our data, however, show ‘that 
adrenergic innervation of the liver and ductus venosus 
does not contribute significantly to the psig tone of 
these circulations. 

In conclusion, our studies indicate that the choliner- 
gic nervous system only indirectly influences the basal 
umbilical venous blood flow in the near-term fetal 
lamb. This influence is small and is secondarv to con- 
comitant changes in heart rate and aortic blood pres- 
sure. Nonetheless, blockade of either the cholinergic or 
the a-adrenergic system does not affect the pattern of 
distribution of umbilical venous blood flow in os intact 
unstressed fetus in utero. 


We wish to thank Anthony Battelli and Amy In- 
graham for their skillful technical assistance and 
Susan Gates for assistance in preparation of the 
manuscript. 
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Suppression of human chorionic gonadotropin by 


progestational steroids 


EMERY A. WILSON 
M. J. JAWAD 
LESLEY R. DICKSON 
Lexington, Kentucky 


The dynamics of the secretion of human chorionic gonadotropin (hCG) were studied by culturing 
explants of normal term placentas for as long as 144 hours. A significant accumulation of 
immunoreactive hCG (8-subunit) was first detected at 48 to 72 hours, and a sixfold increase 

in hCG was observed in ccntrol culture medium at 144 hours. Compared to control cultures, 
progesterone (P < 0.001) in physiologic tissue levels of 5 to 20 ug/ml, pregnenolone 

(P < 0.001), 20 ug/ml, and 20a-dihydroprogesterone (P < 0.001), 20 ug/ml, suppressed the 
secretion of hCG throughout the study period. Progesterone decreased the secretion of hCG in a 
dose-response manner (r = —0.8S87, P < 0.1). No suppression of hCG was observed in the 
presence of cortisol, testosteorne, dihydrotestosterone, 178-estradiol, or estriol. The secretion of 
human chorionic somatomammotropin was unchanged in the presence of progesterone. The 
augmented hCG response in the presence of dibutyl cAMP (P < 0.001) was significantly, but not 
completely, suppressed by progesterone 20 ug/ml culture medium (P < 0.01). Under these 
conditions, progestational steroids or their immediate metabolites suppress the secretion of hCG, 
and they may be responsible for the decline in the levels of hCG during pregnancy. (Am. J. 


OBSTET. GYNECOL. 138:708, 1980.) 


THE HUMAN PLACENTA has been considered to be 


autonomous in its synthesis and secretion of protein — 


and steroid hormones, but the patterns of individual 
hormone secretion differ during pregnancy. The se- 
cretion of human chorionic gonadotropin (hCG) dif- 
fers from that of other placental hormones by reaching 
peak concentrations in maternal’ and fetal? plasma 
during the first trimester and then decreasing to rela- 
tively low levels for the remainder of gestation. Isola- 
tion of the messenger-RNA (mRNA) for the alpha and 
beta subunits of hCG has helped to explain the pattern 
of hCG secretion. The placental concentrations of 
alpha and beta subunits of hCG throughout pregnancy 
parallel the concentrations of these subunits in plasma. 
Daniels-McQueen and co-workers? found that mRNA 
isolated from first-trimester placenta directed the syn- 
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thesis of eightfold more alpha subunit in wheat germ 
cell-free systems than did RNA obtained from term 
placenta; no mRNA for the f-subunit was detected 
from term placenta. These findings indicate that the 
synthesis of the B-subunit may be the rate-limiting step 
in the secretion of hCG in vivo, but the factors which 
control the synthesis and secretion of the -subunit or 
the intact hCG hormone are basically unknown. 

Progesterone is the principal placental steroid, and 
the secretion of it is necessary for the maintenance of 
pregnancy. Most of the biologic activities attributed to 
progesterone are manifested by induction or inhibition 
of protein synthesis. The concentration of progester- 
one increases throughout pregnancy in both fetal* and 
maternal plasma.® The production of progesterone by 
the corpus luteum is stimulated by hCG, but the pla- 
centa is the major soource of progesterone after the 
first 7 weeks of gestation.® Concentrations of proges- 
terone in placental tissue as high as 10 wg per gram of 
tissue have been measured,’ and the levels in the syn- 
cytiotrophoblast, the cell of origin of both hCG and 
progesterone, are likely to be even higher. In these 
concentrations, progesterone could modulate the syn- 
thesis of hCG within the syncytiotrophoblast. 
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Fig. 1. Secretion of hCG (mean + SEM) by control and 
progesterone-treated placental explants, expressed as percent 
increase in hCG from baseline tissue concentrations. 


The purpose of this investigation was to study the 
control of hCG synthesis and secretion by examining 
the effects of progesterone and other progestational 
steroids on the secretion of hCG by placental tissue in 
organ culture. 


Meth ods and material 


Term placental tissue was obtained from seven pa- 
tients who were undergoing elective repeat cesarean 
section prior to the onset of labor. Villous tissue, free 
of chorionic membranes, was immediately placed in 
McCoy’s 5a medium for transport, and was prepared 
for organ culture within 1 hour. Under sterile tech- 
nique, fronds of placental villi (3 to 5 mm in diameter) 
were washed three times in McCoy’s 5a medium, and 
two to three pieces (10 to 20 mg) were randomly se- 
lected and placed in 35 mm Falcon culture dishes. Cul- 
tures were maintained for 96 to 144 hours in a 95% 
air—5% CO, incubator at 37° C. 

Culture medium. Each set of tissue was cultured 
separately in 2 ml of McCoy’s 5a medium (modified, 
GIBCC), containing 2.0 mM L-glutamine (GIBCO) ard 
10% feral calf serum (GIBCO). Each set of treated tis- 
sues was incubated in quadruplicate and compared to 
eight sets of control tissues. The culture media from 
control and treated plates were collected and replaced 
at 48, 72, and 96 hours. The experiments were termi- 
nated at 144 hours, the media were collected and 
stored at —20° C until analyzed, and the wet tissue 
weights were recorded. 
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Fig. 2. Sezretion of hCG (mean + SEM) was significantly de- 
creased from control levels by progesterone 5 to 20 ug/ml 
culture medium and by progesterone 20 ug/ml added to the 
medium at 96 hours incubation after the initial increase in 
hCG. 


The placental explants were also cultured in the 
presence of one or more of the following agents: 1 to 
20 ug ar progesterone (P) per milliliter of culture 
medium: 20 ug/ml of pregnenolone (Preg), 17a-hy- 
droxyprogesterone (17-OHP), 20a-dihydroprogester- 
one (20a-P)}, testosterone (TO), dihydrotestosterone 
(DHT), _78-estradiol (Ea), estriol (Es), cortisol (F); 1074 
to 10-&M aminoglutethimide (CIBA); 5 x 1074M WIN- 
24540 (Sterling-Winthrop); 1.0 mM dibutyl cyclic 
adenosine monophosphate (bugcAMP, Sigma). In one 
experiment, 20 mg of P was added to each milliliter of 
culture medium at 96 hours. All steroids were obtained 
from Steraloids, Inc., Wilton, New Hampshire, and 
they were purified by celite chromatography prior to 
addition to the culture medium. 

Radioimmunoassay procedures. The B-subunit of 
hCG was measured in control and treated cultures by 


' specific radioimmunoassay with the use of polyethylene 


glycol (FEG) separation (modified from Serono Lab- 
oratories, Boston, Massachusetts). After an incubation 
period of 18 to 24 hours, 0.1 ml of hCG-free pooled 
male anc female serum, diluted 1:6 with assay buffer, 
was added to each assay tube (except the total count) to 
facilitate separation. After PEG separation, the anti- 
gen-antibody complex was rinsed with 1.0 ml of cold 
distilled water to minimize the effect of nonspecific 
binding. In media that contained small concentrations 
of hCG, the hCG standards were reconstituted in for- 
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Fig. 3. Effect of progesterone 20 ug/ml culture medium on 
the bus,cAMP-augmented hCG synthesis (mean + SEM). 


tified McCoy’s 5a medium in order to assure uni- 
formity in protein concentration. All assays were per- 
formed in duplicate, and the assay sensitivity with this 
protocol was 3.0 mIU/ml. The intra-assay and interas- 
say coefficients of variation were less than 7%. The 
results are expressed in mIU BhCG/mg of tissue. 

Concentrations of human chorionic somatomam- 
motropin (hCS) in culture medium were measured by 
specific radioimmunoassay (modified from Amersham 
Corporation, Arlington Heights, Illinois). All assays 
were performed in duplicate, and the assay sensitivity 
was 0.5 ug/ml. The intra-assay coerficient of variation 
was less than 5%. The results with hCS are expressed in 
ng/mg tissue. 

Placental tissue was obtained in order to determine 
the tissue levels of hCG. Tissue was washed three times 
in McCoy’s medium, frozen to —20° C and thawed 
three times to disrupt cells, and homogenized in a 
Thomas tissue homogenizer. The homogenate was 
centrifuged at 3,000 x g for 20 minutes and the su- 
pernatant was frozen at —20° C to await hCG analvsis. 

Statistical analysis was performed by means of Stu- 
dent’s t test. 


Results. 


Spontaneous secretion of hCG. The mean concen- 
tration of hCG in seven tissues pricr to incubation was 
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. Fig. 4. Secretion of hCS (mean + SEM) by placental explants 


cultured in the presence and absence of progesterone 20 
pg/ml culture medium. 


3.4 mIU/mg placenta, but the concentrations varied 
widely, with a range from 0.8 to 6.6 mIU/mg. 

When values were expressed as the percent increase 
in hCG from baseline tissue concentrations, the pattern 
of hCG secretion under these conditions was similar for 
each placenta despite the wide range in initial tissue 
levels of hCG (Fig. 1.). Minimal secretion of hCG was 
observed for the first 48 hours, but a progressive and 
significant increase in hCG secretion occurred during 
the last 4 days of incubation. The first significant in- 
crease in hCG accumulation in the medium occurred 
between 48 and 72 hours of incubation, and a sixfold 
increase in hCG secretion was observed at 144 hours of 
incubation. Compared to tissue concentrations, the 
mean (+ SEM) percent increase for seven placentas 
was 133.6 + 17.7% at 48 hours, 213.9 + 16.2% at 72 
hours (p< 0.05), 378.7 + 12.5% at 96 hours (p< 
0.001), and 677.72 101.7% at 144 hours (p < 0.001). 

Effect of progestational steroids on hCG secretion. 


.The secretion of hCG into the culture medium was 


markedly reduced in the presence of progesterone, 20 
ug/ml (Fig. 1). Compared to control concentrations of 
hCG, little, if any, increase in hCG was observed in the 
P-treated cultures even after 144 hours of incubation 
(p < 0.001). Compared to initial tissue concentrations, 
hCG in the treated medium did not change sig- 
nificantly throughout the incubation period. This sup- 
pressive effect of P on hCG was consistent and highly 
significant for all tissues studied. Progesterone sup- 
pressed the secretion of hCG in a dose-response man- 
ner (r = —0.8887, P < 0.1). In the presence of P, l and 
2 mcg/ml of culture medium, hCG concentrations did 
not differ from control values, but, as shown in Fig. 2, a 
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significant decrease in the secretion of hCG was ob- 
served in the presence of progesterone 5 mcg (P< 
0.01), progesterone 10 mcg (P < 0.001), and proges- 
terone 20 mcg*(P < 0.001). The suppression of hCG 
was also observed when progesterone was added to the 
culture medium at 96 hours (P < 0.02) after the in- 
crease in the secretion of hCG had begun (Fig. 2). 


When tissues were cultured in the presence of proges-- 


terone, a delayed increase in hCG was observed for the 
first 48 hours, similar to that seen in control cultures. 

Placental tissue was also cultured in the presence of 
other steroids in order to eliminate a nonspecific ste- 
roid effect. Secretion of hCG did not significantly dif- 
fer from control values when placental tissue was cul- 
tured in the presence of 20 mcg/ml of T, DHT, Ez, and 
Es. The principal placental metabolite of progesterone, 
20a-P, 20 ug/ml, significantly suppressed the secretion 
of hCG (27.2 + 5.5 mIU/mg versus 6.9 + 1.0 mIU/mg, 
P < 0.01) at 144 hours in a manner similar to that of 
progesterone. A significant increase in the concentra- 
tion of hCG was caused by 17a-hydroxyprogesterone, 
20 ug/ml, at 144 hours, compared to control values 
(8.9 + 1.7 mIU/mg versus 29.4 + 4.5 mIU/mg, P< 
0.01); and a highly significant increase in the secretion 
of hCG was also observed in tissues cultured in the 
presence of cortisol (97.9 + 18.2 mIU/mg, P < 0.001). 

In an effort to eliminate the effects of endogenous 
steroid production, placental tissue was incubated in 
the presence of aminoglutethimide, which blocks side- 
chain cleavage and steroidogenesis. In the presence of 
1074 to 10°°M concentrations of aminoglutethimice, 
hCG secretion did not significantly differ from control 
values. An agent which blocks 38-ol-dehydrogenase 
activity, WIN-24540, in concentrations which effec- 
tively blocked progesterone formation (5 by 107*M), 
caused a slight decrease in the secretion of hCG after 
96 hours of incubation (4.4 + 0.3 mIU/mg versus 
2.1] + 0.9 mIU/mg, P < 0.05). Because of these find- 
ings, hCG secretion was studied in the presence of 
pregnenolone, 20 mcg/ml. Pregnenolone caused a 
significant reduction in hCG secretion (2.2 + 0.4 mIU/ 
mg) compared to control values (5.0 + 1.0 mIU/mg, 
P< 0.01) and compared to values in tissues in the 
presence of WIN-24540 alone (3.7 + 0.2 mIU/mg, 
P < 0.01). No significant difference in hCG secretion 


was observed between cultures treated with pregneno-_ 


lone alone or with WIN-24540 and pregnenolone. Fi- 
nally, no significant difference in hCG secretion was 
observed between tissues cultured in pregnenolone 
alone and progesterone alone. 

In the presence of bu,cAMP, a significant increase in 
_ the secretion of hCG was observed compared to control 
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cultures for all time periods studied, even at 48 hours 
of incubation (Fig. 3). The augmented hCG response in 
the presence of bu,cAMP (P < 0.001 at 144 hours) was 
signif.cantly, bu: not completely, su ppressed by proges- 
teron2 20 ug/ml (P < 0.01). The hCG concentrations at 
48 hours in the presence of both busgcAMP and proges- 
teronz, 20 ug, were similar to those in the presence of 
bu,cA.MP alone, but the secretion of hCG was blunted 
at subsequent time periods in a manner similar to that 
in progesterone-treated cultures. | 

Effect of P on hCS secretion. In contrast to hCG, 
maximum secretion of hCS was observed during the 
first £8 hours of incubation. Control placental explants 
secreced 480 + 39 ng/mg tissue during the first 48 
hours compared to 150 + 18 ng/mg between 72 and 96 
hours of incubztion (Fig. 4). No significant difference 
in hCS secretion was observed in placenta cultured i in 
the presence of P, 20 ug/ml. 


Comment 


The pattern of spontaneous hCG secretion in the 
control cultures of these experiments is similar to re- 
sults reported by other investigators. 8-10 ‘The synthesis 
of hCS and hCG under these conditions has been 
confirmed by radioimmunoassay, immunoprecipita- 
tion, radioreceptor assay, and [*H]-leucine incorpora- 
tion.® Little, if any, hCG is secreted by placental 
explents in the first 48 hours of incubation. Golander 
and associates? found that hCG released into the 
medium during the first 24 to 48 hours was almost all 
prefcrmed, since cyclohexamide had no effect on the 
hCG during this period of time, but did markedly sup- 
press hCG synthesis after 48 hours of incubation. Pre- 
sumably, the same influence which suppresses hCG 
synthesis and secretion in vivo continues to affect hCG 
synthesis for the first 48 hours in vitro. Thereafter, a 
linear increase in hCG secretion is observed for the 
next 36 hours. The length of the latent period į is consis- 
tent with the time required for new protein synthesis. 

The factors which control placental hormone syn- 
thesis and secretion are unknown. The human placenta 
was considered to be autonomous in its secretion of 
hormones until recently, when Khodr and Siler- 
Khodr'! reported an increase in hCG in response 
to luteinizing hormone-releasing hormone (LHRH) 
which had been isolated from the placenta previously.” 
LHRH presumably stimulated the production of cAMP, 
also >resent in significant quantities in the placenta," 
which increases hCG™ ' and aromatase activity’? in 
vitro but has no effect on hCS secretion.’ Although 
these observations could explain the increase in hCG 
early in gestation, the mechanisms responsible for the 
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subsequent decline in the secretion of hCG remain un- 
clear. The results of this in vitro study suggest that the 
synthesis of progesterone by the placenta may selec- 
tively suppress hCG secretion without pHCCuNG hCS 
secretion in vivo. 

Large amounts of progesterone were used in these in 
vitro experiments, but these concentrations have been 
shown to be in the physiologic range for tissue levels. 
Concentrations of progesterone in retroplacental blood 
are 10 times those in maternal peripheral blood, and 
concentrations in placental tissue vary from 2 to 10 ug 
per gram of tissue.’ These levels are likely to be even 
greater in the isolated syncytiotrophoblast, the cell of 
origin for both progesterone and hCG. Concentrations 
of progesterone of 5 to 20 gm/ml of culture medium 
caused significant suppression of hCG secretion in this 
study. If untform distribution of progesterone in the 
tissue and culture media is assumed, these concentra- 
tions are well within the physiologic range for placental 
tissue. Large concentrations of progesterone did not 
affect tissue viability because hCG secretion occurred 
normally after exposure of tissue to progesterone dur- 
ing the first 48 hours. 

‘The suppression of hCG by progesterone is not a 
nonspecific steroid effect, because no suppression of 
hCG was observed even in the presence of pharma- 
cologic amounts of Cig and Cs steroids. The response 
in the presence of other Ca, steroids varied. Pregneno- 
lone and 20a-dihydroprogesterone, the major placen- 
tal metabolite of progesterone, suppressed hCG secre- 
tion, but 17a-hydroxyprogesterone ‘and cortisol both 
increased hCG secretion under these conditions. The 
effects of both pregnenolone and 20a-dihydroproges- 
terone can be explained by interconversion to proges- 
terone by the placenta." However, the suppression of 
hCG by pregnenolone and WIN-24540, an inhibitor of 
38-ol-dehydrogenase activity, suggests that pregneno- 
lone alone can also inhibit hCG synthesis. Amino- 
glutethimide, which blocks the synthesis of progester- 
one, was expected to cause an increase in the synthesis 
of hCG, but this was not observed. The lack of proges- 
terone in this case does not necessarily enhance the 
secretion of hCG beyond that observed for control cul- 
tures. | 

The effects of 17-OHP and F on placental secretion 
of hCG differed from those of other steroids. A sig- 
nificant increase in hCG levels was observed in the 
presence of these agents, This effect could be mediated 
by displacemeni of progesterone from a serum corti- 
_costeroid-binding globulin in placental tissue, a similar 
placental steroid-binding protein, a specific progester- 
one receptor, or a specific glucocorticoid receptor. The 
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mechanism by which 17-OHP and F exert their effects 
on hCG secretion is being investigated. 

The mechanism by which progestational steroids or 
their metabolites decrease hCG secretion was not in- 
vestigated in this study, but previous evidence would 
indicate a selective decrease in the rate of synthesis of 
the hormone. The mRNA concentration of alpha sub- 
unit of hCG is five to eight times greater in first- 
trimester placenta than in second- or third-trimester 
placenta,® '® 1 and the mRNA for the beta subunit is 
nondetectable at term.’ The tissue concentrations of 
the alpha subunit parallel plasma levels of hCG, and 
the rate-limiting factor in hCG synthesis is probably the 
synthesis of the beta subunit.? The biologic activity of 
progesterone is manifested by the induction or inhibi- 
tion of protein synthesis. Previously established exam- 
ples of inhibition by progesterone of protein synthesis 
are its inhibition of casein MRNA synthesis in the rat 
mammary gland” and its regulation of uterine excita- 
bility. This hypothesis for progesterone action re- 
quires high placental concentrations of progesterone 
early in gestation in order to suppress hCG synthesis. 
Mean. total concentrations of progesterone in maternal 
serum at the end of the first trimester are 41 + 5° 
(+SEM) ng/ml, approximately one third of the amount 
found at term. Fetal plasma concentrations of proges- 
terone remain approximately the same (400 ng/ml) 
from 12 weeks’ gestation until term,‘ and more fetal 
plasma progesterone is unbound to serum protein be- 
cause of the low concentrations of corticosteroid- 
binding globulin in fetal blood.” Placental tissue con- 
centrations of progesterone between 12 and 18 weeks’ 
gestation (2.2 + 2.2 ug/gm) are also similar to those 
found at term.* Thus, the concentrations of pzogester- 
one at the end of the first trimester may be ngen to 
cause the suppression of hCG synthesis. 

A small but consistent secondary rise in hCG in ma- 
ternal serum? and placental tissue*4 during the last 
trimester of pregnancy has been reported. Boroditsky 
and associates?” found that the levels of hCG increased 


‘significantly with advancing gestation in the serum of 


women bearing female fetuses, but no change in the 
concentrations of hCG were shown for women bearing 
male fetuses. Although no sex difference in maternal 
concentrations of progesterone were found,” male 
fetuses have higher umbilical artery levels of proges- 
terone than do female fetuses.” These reports, in con- 
junction with the findings in the present study, suggest 
that the fetus may exert some control over the placental 
production of hCG. 

In summary, under these in vitro conditions, proges- 
tational steroids, or their immediate metabolites, sup- 
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press the secretion of hCG. Increasing placental syn- 
thesis of progestin may be responsible for the decline in 
plasma hCG observed during human gestation. This 
efficient mechanism for the selective suppression of 
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placental protein hormone synthesis may be equally 
important in the modulation of protein synthesis by 
other embryonic tissues. 
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Subdermal estradiol pellets tollowing Ey 


and oophorectomy 


Effect upon serum estrone, estradiol, luteinizing hormone, 
follicle-stimulating hormone, corticosteroid binding 
globulin-binding capacity, testosterone-estradiol binding- 
globulin -binding capacity, lipids, and hot flushes 
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Subdermal estradiol (E,) pellets (25 mg) were inserted immediately after hysterectomy and 
oophorectomy in 22 menstruating women, ages 29 to 50 years. Serum samples were obtained daily 
for 7 days, weekly for 4 weeks, and at monthly intervals for 6 months. Although there was 
significant variation between patients, E, levels remained within the follicular phase range, averaging 
50 to 70 pg/mi for 3 months, and then slowly declining to a mean of 37 pg/ml at 6 months, when 
new pellets were inserted. Over the entire study period, the E,:estrone (E,) ratio was greater than 
unity. Subdermal E, pellets limited the rise in luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH) after gonadectomy and the levels of LH and FSH 6 months after the insertion of E, 
pellets were significantly lower (p < 0.01) than in 20 postmenopausal women who had undergone 
oophorectomy and whose serum E, levels were less than 20 pg/ml. Serum corticosteroid binding 
globulin-binding capacity (CBG-BC) and serum testosterone— estradiol binding globulin-binding 
capacity (TeBG- -BC) remained unchanged with E; pellets. Although high-density 

lipoprotein- cholesterol increased significantly (p < 0.05), low-density lipoprotein- cholesterol, total 
cholesterol, and triglycerides were unaffected, except for a rise in triglycerides iñ three older women 
with diabetes mellitus and hypertension. There were no complaints of severe hot flushes. Women 
who had vasomotor symptoms had mild or moderate flushes that occurred at 5 or 6 months after 
replacement of the pellets. Thus, E, pellets are an effective form of parenteral estrogen replacement 
therapy and offer both practical and theoretical advantages over other forms of estrogen 


replacement. (AM. J. OBSTET. GYNECOL. 138:714, 1980.) 
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NUMEROUS estrogen preparations and modes of ad- 
ministration have been developed in an effort to find 
which will relieve climacteric symptoms and prevent 
osteoporosis. Among the forms of therapy, subdermal 
implants of crystalline estradiol (Ez) have been used 
since 1938.16 Both relief of vasomotor symptoms and 
the patient’s preference over oral or parenteral estro- 
gen therapy have been reported.” However, there is a 
paucity of data in regard to the levels of estrogen and 
gonadotropins after implantation of Es pellets. Hunter 
and associates® studied 23 patients for 15 months after 
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the administration of one E, pellet containing 100 mg. 
Because the serum levels of E, exceeded those attained 
during the midfollicular phase of the cycle, it was ap- 
parent that only a lower dose could provide physiologic 
levels of E,. The purpose of this study was to investi- 
gate the effects of the subcutaneous placement of one 
25 mg E, pellet at the time of gonadectomy upon 
serum levels of estrogens, gonadotropins. lipids, and 
binding proteins and upon hot flushes, for a 6-month 
period. 


Material and methods 


The study group consisted of 22 women, ages 29 to 
_50 years, who underwenta hysterectomy and bilateral 
salpingo-oophorectomy because of severe salpingitis, 
leiomyomata uteri, or persistent menorrhagia or 
menometrorrhagia. Prior to operation, 15 women had 
ovulatory menstrual cycles and seven were anovulato- 
ry, but all had serum levels of follicle-stimulating hor- 
mone (FSH) or luteinizing hormone (LH) which were 
within the normal follicular phase range. All the pa- 
tients elected to use E; pellets for replacement therapy. 
One 25 mg crystalline E,-178 pellet (Progynon) was 
inserted subdermally with a trocar through a separate 
skin incision adjacent to the laparotomy incision after 
closure of the laparotomy incision. 

Blood samples were obtained 1 day prior to opera- 
tion and at 6 and 12 hours after insertion of the pellet 
and then daily at 9:00 a.m. for 7 days, weekly for the 
first month, and then monthly for 6 months. The 
serum samples obtained before and at 1, 2, 3, and 4 
weeks and at 2, 3, 4, 5, and 6 months after implantation 
of the pellet were analyzed in all women. In addition, 
the blood drawn during the first week after insertion of 
th pellet was analyzed for E, in 10 women randemly 
selected from among the 22 patients. Serum lipids were 
analyzed in only 12 patients. LH and FSH were assayed 
In only 15 patients. 

The results obtained from analyses of the sera of 
these women were compared to those obtained from a 
control group of 20 postmenopausal women, ages 50 to 
60 years, who had undergone hysterectomy and bilat- 
eral salpingo-oophorectomy at least 2 years earlier. Al- 
though the ages of these women differed from those of 
our study patients, their weights were similar. Despite 
the fact that none of these control women was followed 
immediately after operation, there is ample evidence in 
the literature that hormonal levels are in the post- 
menopausal range 2 weeks after oophorectomy.’ The 
samples of blood from these postmenopausal women 
were obtained after an overnight fast. None had taken 
any estrogen-containing compounds for at least 3 
months. In addition, three of these 20 postmenopausal 
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Fig. 1. The range of serum estradiol (F,) concentrations dur- 
ing tne initial 7 days after the insertion of one 25 mg E, pellet 
in 10 premenopausal women who underwent hysterectomy 
and opnorectomy. 


women volunteered to ingest 10 wg of ethinyl estradiol 
(EEs, Estinyl) for 2 weeks. Twenty-microgram capsules 
of Estinyl were carefully divided in half and weighed 
on 2 microbalance to assure equal weights of each half. 
Verous blood for analysis was drawn prior to and at 
the end of the intake of EE,. Blood was also obtained 
from another three of the 20 women before and after 
ther had ingested conjugated estrogens (Premarin), 
0,625 mg daily for 2 weeks. 

In every instance, the blood was allowed to clot and 
the serum was separated and stored at — 20° C for no 
longer than 3 months. Assays were carried out on these 
samples by means of procedures previously described 
for E, and EE, and LH and FSH." Determination 
of corticosteroid binding globulin-binding capacity 
(CBG-BC)* and testosterone-estradiol binding globu- 
lin—binding capacity (TeBG-BC) was carried out in our 
laboratory’ with a modification of the method of Ros- 
ner“ based on the binding of TeBG in plasma to triti- 
ated dihydrotestosterone. Total cholesterol and total 
triglycerides were determined enzymatically with the 
use of a system Gilford 3500 computer-directed ana- 


lyzer (Gilford Instruments, Oberland, Ohio). High- 


density lipoprotein(HDL)-cholesterol was measured 
enzymatically after precipitation with sodium phos- 
photungstate and magnesium chloride.!® Low-density 
lipoprotein(LDL)—cholesterol was calculated.'® All as- 
says from each individual patient were performed at the 
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Fig. 2. Mean (+SE) serum estradiol (E,) and estrone (E,) levels and Ey E, ratios in 22 women after 
oophorectomy and insertion of one 25 mg E, pellet. 
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Fig. 3. Variation in serum levels of estradiol (E,) after oophorectomy and insertion of a 25 mg E; 
pellet in 22 women. Values represent means (+SE) of each women’s E, level expressed as percent of 
her serum E, level 7 days after insertion of the pellet. Values are expressed as percent change. 


same time in order to decrease interassay variability. 
No women received any medications chronically. 
Ten women received short-term, broad-spectrum an- 
tibiotic therapy in the first 7 to 10 days postoperatively. 
In this study, measurements on blood were carried out 
mainly after this first week. One woman took an oral 
hypoglycemic agent (tolbutamide) sporadically. 
Information about the frequency and severity of hot 
flushes was obtained by oral questions at the time of 
each patient’s visit and was characterized as mild, mod- 
erate, or severe. Occasional flushes which did not affect 
the patient’s daily routine were defined as being mild. 
Moderate flushes were defined as those which occurred 
more often than twice per day and were troublesome 
but did not affect the patient’s routine. Severe flushes 
were characterized as being frequent and affecting 


daily routines, so that the patient was led to seek medi- 
cal assistance. Paired t tests were used to judge statisti- 
cal significance. 


Results 


The range of E, levels during the first 7 days after 
insertion of the pellet in 10 women is indicated in Fig. 
1. After oophorectomy and subdermal placement, the 
pellet released Ez slowly. There was no initial “burst” 
effect, and serum EF, levels remained below 150 pg/ml 
in the first 7 days after implantation. 

It was found that the mean level of E; rose gradually 
and was highest 3 weeks after insertion of the pellet 
and then declined slowly thereafter (Fig. 2). Mean E, 


levels were relatively stable for 2 months and then de- 


clined gradually. Therefore, the ratio of E; to E, re- 
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Fig. 4. Mean (SE) serum LH levels (in m1U/ml) prior to and 
after oophorectomy and insertion of a 25 mg estradiol pellet 
in 15 premenopausal patients. The panel on the right depicts 
serum LH levels in 20 postmenopausal oophorectomized 
women not receiving estrogens. 


mained greater than one throughout the study period. 
Estradiol levels in the postmenopausal control group 
were less than 20 pg/ml. 

Estradiol levels varied widely among patients. Three 
weeks after implantation of the pellet, E, levels ranged 
from 30 to 122 pg/ml. Nevertheless, there was little 

variation in E; levels (expressed as percent change) 
-= within each patient during the 6 months (Fig. 3). When 
the individual values during 6 months were compared 
to the level attained 1 week after insertion of the pellet, 
the mean variation was found to be less than 30%. LH 
and FSH levels (in mIU/ml expressed as mean + SEM) 
remained within the normal range for the first 3 weeks 
after implantation of the pellet and then rose progres- 
sively (Figs. 4 and 5). However, even 6 months after 
insertion of the pellet, LH and FSH levels were sig- 
nificantly lower than those of postmenopausal controls 
(p < 0.01). There was no significant change in the 
mean + SEM CBG-BC in the patients with a pellet (Fig. 
6). Two weeks of treatment with 0.625 mg of conju- 
gated estrogens daily did not increase CBG-BC; how- 
ever, 10 wg of ethinyl estradiol per day did cause a 
significant increase in CBG-BC (p < 6.05). 

The mean + SEM TeBG-BC also remained normal 
in the women who had a pellet, but both conjugated 
estrogens and ethinyl estradiol induced a significant 
elevation of TeBG-BC (p < 0.05) (Fig. 7). 

HDL-cholesterol levels increased significantly (p < 
0.05), whereas LDL-cholesterol and total cholesterol 
were not significantly altered (Fig. 8). For the patients 
as a group, total triglycerides were significantly in- 
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Fig. 5. Mean (+5E) serum FSH levels (in mIU/ml) prior to 
and after oophorectomy and the insertion of a 25 mg estradiol 
pellet in 15 pestmenopausal women. The panel on the right 
depicts serum levels of FSH in 20 postmenopausal women not 
receiving estrogens. 
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Fig. 6. “ean (=SE) CBG-BC, in ug%, prior to and after 
oopkorestomy and the insertion of a 25 mg estradiol pellet in 
22 women. The panel on the right shows the effect of 0.625 
mg cf Premarin and 10 yg of Estinyl {EE,) on CBG-BC in six 
postmermpausal women, 


creased (p < 0.05). However, this increase was due toa 
markec elevation (percent increase of 585, 414, 394) 
which occurred in three women who had both hy- 
pertension and diabetes mellitus. None of the subjects 
had serere het flushes during the 6 months of treat- 
ment with the pellets (Table I). Five women never had 
a hot flush, whereas eight had mild hot flushes and 
nine had moderate flushes, primarily in the fifth and 
sixta months after insertion of the pellet. 
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Fig. 7. Mean (+SE) TeBG-BC, in nM, prior to and after 
oophorectomy and insertion of a 25 mg estradiol pellet in 22 
women, The panel on the right shows the effect of 0.625 mg 
of Premarin and 10 ug of Estinyl (EE) on TeBG-BC in six 
additional postmenopausal women. 
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Fig. 8. Precent changes in serum lipids at 3 months compared 
to preoperative levels in 12 women undergoing oophorec- 
tomy and the insertion of a 25 mg estradiol pellet. Three 
women with diabetes mellitus and hypertension had markedly 
elevated serum triglycerides (394% to 585% change) and 
are depicted separately. HDL, high-density lipoprotein- 
cholesterol; LDL, low-density lipoprotein—cholesterol; Total, 
total cholesterol; T.G., total triglycerides. 


Comment 


This study describes the effect of continuous estro- 
gen replacement therapy by means of a subdermal pel- 
let containing 25 mg of crystalline E,. This mode of 
therapy offers several advantages. Release of E, from 
crystalline pellets is rapid and fairly constant during 
the life span of the pellet. In contrast, oral administra- 
tion of estrogen causes markedly elevated serum estro- 
gen levels which are observed immediately and which 
are then followed by low levels. When E; is adminis- 


tered parenterally, it reaches all tissues without prior 


passage through the liver, so that the effective hepatic 
conversion of E, to E; is less than that which occurs 
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Table I. Complaint of hot flushes after 
oophorectomy and the insertion of a 25 mg 
estradiol pellet in 22 women 





Hot flushes 

None 20 22 2] 20 5 5 
Mild 2 Q 0 l 10 8 
Moderate 0 0 l l 7 9 
Severe 0 0 0 0 “0 Q 





after oral therapy. Thus, the E, to E, ratio remains 
greater than one as it occurs during normal ovarian 
function. Serum E, and E, levels remain within normal 
early and midfollicular phase ranges for at least 6 
months. 

Acceptance by the patient of this method was excel- 
lent. At the end of 6 months, only two women pre- 
ferred not to continue therapy with the E, pellet, for 
personal reasons. Hot flushes were never severe and 
initially occurred 4 or more months after implantation 
of the pellet. 

Only one 25-mg E; pellet was used in this study. Var- 
ious authors have used two or more pellets at a tme® "7; 
however, in an earlier study, we found that one 25 mg 
pellet was sufficient to achieve adequate serum E; con- 
centrations.’ i 

Although E; levels after insertion of the pellet re- 
mained fairly constant within each patient, they varied 
widely among different subjects. This is at least partly 
related to the distribution of body fat. In this study, the 
more obese the woman, the lower were the total serum 
E, levels (p < 0.05). This effect may have been related, 
in part, to the sequestration of E, in fat and, in part, to 
the greater and altered peripheral conversion in obese 
women. 1° 

Treatment with subdermal E, pellets results in a 
more protracted rise in serum LH and FSH after 
oophorectomy. Serum levels of LH and FSH remained 
within the normal premenopausal range for 3 weeks 
and then became elevated. However occasional indi- 
vidual values were still in the normal premenopausal. 
range at 6 months. No correlation was found between 
individual levels of E, and gonadotropins in any one 
patient. 

CBG is a hepatic protein whose binding capacity is 
known to correlate with increasing levels of estrogen.” 
In this study, E, pellets did not affect the levels of 
CBG-BC, in contrast to the significant increase pro- 
duced by the ingestion of a small amount of ethinyl 
estradiol. 

Serum TeBG-BC is a more sensitive indicator of the 


Volume 138 
Number 6 


effects of estrogen upon hepatic proteins.” Although 
both the conjugated and synthetic oral estrogens in- 
creased the levels of TeBG-BC, the E pellets did not 
alter the levels from baseline. 

With regard to serum lipids, LDL-cholesterol and 
total cholesterol remained essentially unchanged. Total 
triglycerides increased in the patients as a group, but 
this was secondary to an effect upon three women. 
These greatly increased levels of triglycerides occurred 
in older women, ages 47, 48, and 50. All three had 
hypertension and either overt diabetes (one) or chemi- 
cal diabetes mellitus (two). One of these women was 
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receiving an oral hypoglycemic agent. In these three 
women, HDL, LDL, and total cholesterol were in the 
normal ranges, and triglyceride levels were only ele- 
vated at 3 months. The values at 3 months ranged from 
347 © 677 mg/dl. Careful monitoring of such patients 
is needed if estrogen therapy is to be used. 

In conclusion, the use of E, pellets is an effective, 
well-colerated, and safe parenteral form of estrogen 
replacement therapy. It’ offers many practical and 
theoretical advantages over other forms of replace- 
meni therapy. | 
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Adult manifestation of congenital adrenal hyperplasia 
due to incomplete 21 -hy droxylase deficiency 
mimicking polycystic ovarian disease 


ROGERIO A. LOBO, M.D. 
UWE GOEBELSMANN, M.D. 
Los Angeles, California 


This study was carried out to document the postpubertal presentation of congenital adrenal 
hyperplasia (CAH), to elaborate the diagnostic criteria for it, and to investigate family members of 
CAH patients. Serum 17-hydroxyprogesterone (17OHP) was measured in normal women and 25 
hirsute oligomenorrheic patients, five of whom were shown to have CAH. These five CAH patients, 
as a group, had significantly elevated levels of 170HP. when compared to normal and hirsute 
women, although the other 20 hirsute oligomenorrheic women also had higher levels of 17OHP than 
the follicular phase control subjects. A single intravenous bolus of 0.25 mg of adrenocorticotropic 
hormone (ACTH) caused much larger increases in 17OHP. in all five CAH patients than in the 
control and hirsute women. The five CAH patients had décreased cortisol but normal 
11-deoxycortisol responses to ACTH, thus indicating 21-hydroxylase deficiency (21HD). Clinically, 
they were indistinguishable irom women with polycystic ovarian disease (PCO) anc had basal 
serum levels of androgens and urinary 17-ketosteroids which were similar to those found in 47 other 
women presenting with the complaint of hirsutism. However; the androstenedione levels and 
androstenedione/cortisol ratics in response to ACTH were significantly higher in the five CAH 
patients than in both the normal and hirsute women. Of seven family members tested, two fathers 
and one mother had an intermediate 170HP response to ACTH, thus suggesting heterozygosity. 
Human lymphocyte antigen (HLA) typing on family members indicated that the inheritance of the 
disorder may be linked to B antigens. Two siblings of one of the CAH patients had normal 170HP 
responses to ACTH and also had a different HLA-B complement. These data document the 
existence of adult manifestation of CAH, due to 21 HD. This disorder presents with androgen 
excess and oligomenorrhea or amenorrhea and mimicks PCO. The diagnosis of it hinges upon the 
post-ACTH rise in 17OHP, whereas the levels of serum androgens and urinary 17-ketosteroids may 
be inconclusive. (AM. J. OBSTET. GYNECOL. 138:720, 1980.) 


CONGENITAL adrenal hyperplasia (CAH) in females is 
almost always recognized at birth, presenting as female 
pseudohermaphroditism with varying degrees of virili- 
zation. Some endocrinologists doubt that CAH may 
manifest itself for the first time after puberty. Among 
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the various blocks in cortisol biosynthesis leading to this 
disease, 21-hydroxylase deficiency (21HD) is most fre- 
quently encountered and has been studied exten- 
sively. ? CAH is transmitted as an autosomal recessive 
disorder.? Heterozygous carriers of CAH are unaf- 
fected, although recent studies have led to the discov- 
ery that certain heterozygous family members have an 
abnormal steroid response to adrenocorticotropic hor- 
mone (ACTH). | l 

In genetic mapping of this disorder, several inves- 
tigators found that'21HD is linked to human lympho- 
cyte antigens (HLA) and, in particular, is associated 
with the B antigens.* This has led to the antepartum 
diagnosis of this disorder through amniocentesis and 
cell cultures. In contrast to 21HD, 1l-hydroxylase 
deficiency (11HD), the second most comnion enzymatic 
block causing CAH, does not appear to be associated 
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with a definable carrier state nor to be linked geneti- 
cally to HLA.’ | 

It is still a matter of controversy (1) whether incom- 
plete 21HD may manifest postpubertally with andro- 
gen excess, menstrual irregularities, and. infertility, 
mimicking polycystic ovarian disease (PCO) and (2) 
whether this attenuated form of adult-onset CAH 1s, 
indeed, the same disorder as that recognized in the 
neonate. Some data, including the results of a study of 
HLA and other antigens, suggest that the latter are two 
separate disordérs.® The diagnostic hallmark of CAH is 
an increase in, circulating 17-hydroxyprogesterone 
(17OHP), which normally is: metabolized by 21-hy- 
droxylase to 1 1-deoxycortisol, the immediate precursor 
of cortisol. In 21HD, and in 11HD, the levels of 
170HP are significantly elevated in patients with CAH. 
However, mild but significant increases in'17OHP have 
also been noticed in some hirsute women. ‘Since 
17OHP is a product of ovarian as well as adrenal ste- 
roid biosynthesis, and since the levels of 17OHP may be 
increased in women with PCO” some investigaters 
have questioned the diagnosis of the so-called adult- 
onset CAH." 

- The aims of the present study x were (1) to document 
the existence of adult manifestation of CAH, (2) to 
elaborate the diagnostic criteria which differentiate this 
disorder from PCO, and (3) to investigate some pa- 
tients’ family members for subtle aberrations in cortisol 
biosynihesis and HLA mapping, in an effert to evalu- 
ate the genetic ANKARE of this disorder. 


Material and methods 


Except for normal female controls, all subjects in 
this study were patients referred to. the Gynecologic 
Endocrinology/Infertility Clinic at the Los Angeles 
County/University of Southern Galifornia Medical 
Center, Women’s Hospital, between July, 1978, and 
March, 1980. The testing was carried cut as part of the 
patients’ diagnostic work-up for complaints of andro- 
gen excess, menstrual aberrations, and/or infertility. 

Thirty-four healthy, nonhirsute, and regularly men- 
struating women, 20 to 34 years old, who were using 
nonhermonal contraception, were recruited ameng 
family planning clinic patients to volunteer as controls. 
Fifteen of these 34 subjects were in the follicular phase 
(days 5 to 12) and 19 were in the luteal phase (days 14 
to 25). Fifty-two hirsute patients were evaluated during 
the course of this study. Twenty-five of these patients 
who complained of hirsutism, oligomenorrhea, and in- 
fertility were selected for detailed hormonal studies as 
outlined below. Most of these 25 patients whose symp- 
toms were consistent with PCO had elevated serum 
concentrations of luteinizing hormone (LH). Five of 
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Fig. L. Basal (8 to 10 A.M.) serum levels of 17OHP in 15 nor- 
mal women in the follicular phase, 19 women in the luteal 
phase, 20 hirsute oligomenorrheic women, and five patients 
with CAH. 


the £5 patients were found to have 21HD, as proved 
below. These five patients with adult manifestation of 
CAH were 18 to 22 years old-and clinically indistin- 
guiskable from the other 20 hirsute and oligomenor- 
rheic women. . 

Venous blood was drawn between 8 and 10 A.M. 
Serum was separated by centrifugation within 1 hour 
and stored at — 15° C until times of analyses. Twenty- 
four-hour urines were collected and measured, and 
aliquots were frozen and stored at — 15° C until assayed 
for 17-ketosteroids (17KS) and creatinine. ACTH 
stimulation studies were carried out in seven normal 
femzle controls who were all in the luteal phase of their 
cycle, in five normal male controls, in five patients 
shown to have 21HD, in 10 of the remaining 20 hirsute 
and oligomenorrheic patients, and in seven family 
members of the 21HD patients. In this study, all sub- 
jects receiving ACTH were given 1 mg of dexametha- 
sone orally at 11 p.m. the night before the ACTH test. 
At 8a.M., a needle witha heparin lock was inserted into 
an arm vein, and blood was obtained 15 minutes prior 
to, at the time of, and 60, 120, and 180 minutes after 
0.25 mg of intravenous (IV) synthetic ACTH (cosyn- 
tropin). In order to ascertain that a single IV bolus of 
0.25 mg of ACTH was as effective as a continuous 
3-hcur IV infusion, 0.25 mg of ACTH dissolved in 30 
ml of physiologic saline solution was infused intrave- 
nously i in three female controls and three other normal 
women received a single IV bolus of 0.25 mg of ACTH. 
Blood was sampled prior to the administration of the 
ACTH and at 60, 120, and 180 minutes thereafter. 
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Fig. 2. Serum 17OHP before and 60 minutes after the IV 
administration of a single bolus of 0.25 mg of ACTH in sev- 
en normal female control and 10. hirsute oligomenorrheic 
women and in five patients with CAH. 


Table I. Comparison of 170HP responses to ACTH 
in six control women* 





Minutes 
60 1.11 + 0.50 1.21 + 0.50 
120 0.95 + 0.40 1.01 + 0.43 
180 "E 0.93 + 0.56 . 1.20 + 0.55 


*Three women received an IV infusion of 0.25 mg of co- 
syntropin in saline solution over a 3-hour period. Another 3 
women received a 0.25 mg IV bolus. Values are expressed as 
the mean (+SEM) increases in 170HP in ng/ml after 60, 120, 
and 180 minutes. 


In four of the five CAH patients and seven. of their 
family members, HLA typing was performed to de- 
termine antigens A, B, and C, by means of the standard 
two-stage National Institute of Health microcytotox- 
icity test. | 

Serum androstenedione (A), dehydroepiandroster- 
one sulfate (DHEA-S), 17-hydroxyprogesterone (17 


OHP), and testosterone (T) was measured by radioim- — 


munoassays (RIAs) as previously reported.'?-!> Serum 
cortisol (F) and 1 1-deoxycortisol (S) was determined by 
Endocrine Sciences, Tarzana, California, by specific 
RIAs. Urinary 17- ketosteroids (17KS) and creatinine 
were measured by Bio-Science Laboratories, Van Nuys, 
California. Student’s t test was used to test for statistical 
significance when applicable. 


Results - 


The L7OHP i in normal and hirsute women, as well as 
in five patients shown below to have adult manifesta- 
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tion of CAH, is depicted in Fig. 1. The mean 17OHP 
level found in 20 hirsute oligomenorrheic women who 
did not have CAH was significantly higher than that 
observed in 15 nonhirsute women during their follicu- 
lar phase (p < 0.05), but not significantly higher than 
the mein 17OHP level of 19 nonhirsute women during 
their luteal phase. The upper 95% confidence limits for 
17OHP concentrations in nonhirsute women during 
the follicular and luteal phases was found to be 3.3 
tig/ml. Only one of the 20 hirsute oligomenorrheic 
women had a 17OHP level (4.2 ng/ml) which was sig- 
nificantly higher than that of the nonhirsute control 
women. The five patients with suspected CAH had 
basal 17OHP concentrations ranging from 4.3 to 134 
ng/ml, thus indicating that 17OHP levels in women - 
with mild forms of CAH may overlap with the levels 
found in.hirsute oligomenorrheic women. However, 
the response of 170HP to exogenous ACTH separated 
the two groups of hirsute oligomenorrheic patients as 
shown below. | 

The ACTH stimulation test is, more readily per- 
formed when ACTH is administered as a single IV 
bolus than as an IV infusion, and when samples of 
blood are drawn only at 0 and 60 minutes for. 170HP 
assay. Ina pilot experiment in which six normal women 
received either a 3-hour IV infusion or a single IV 
bolus of 0.25 mg of ACTH; the results indicated that 
the response to the IV bolus does not differ from that 
to the 3-hour IV infusion (Table I), A maximum re- 
sponse is achieved by both methods within 60 minutes. 

With the use of this convenient 1-hour ACTH stimu- 
lation test, the 17OHP response to ACTH in seven 
normal women, 10 of the 20 hirsute oligomenorrheic 
women who volunteered for extended evaluation, and 
the five CAH patients is depicted in Fig. 2. The 
ACTH-induced rise in 17OHP in the 10 hirsute 
oligomenorrheic women was indistinguishakle from | 
that found in the seven control women. The increase in 
17OHP in the five CAH patients, however, was sig- 
nificantly greater than that.observed in the seven con- 
trol subjects and the 10 hirsute oligomenorrheic wom- 
en, -as well (p< 0.005). The 17OHP response to 
ACTH clearly separated these two groups of hirsute 
oligomenorrheic women. The 17OHP response to 
ACTH was also studied in five healthy men under 
identical conditions and was found to be indistinguish- 
able from that observed in the seven female control 
subjects. The mean (+SEM) increases in the 17OHP 
concentrations in the five male and seven female con- 
trols. were 1.0+0.3 and 0.94+ 0,24 ng/ml, re- 
spectively. 

Basal serum cortisol concentrations were normal in 
all five CAH patients. Cortisol and 11-deoxycortisol 
was measured prior to and 60 minutes after ACTH 
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stimulation in these five patients, as well as in the seven 
normal women. The cortisol response was signifi- 
cantly diminished (p < 0.02) in the five CAH patients, 
whereas the 11-deoxycortisol response was normal in 
four* (Fig. 3). Basally, all five women also had normal 
levels of 11-deoxycortisol. This indicates that these five 
women all had incomplete 21 HD. 

Serum A, DHEA-S, T, and 24-hour urinary 17KS, 
corrected for creatinine excretion were measured ba- 
sally in the five CAH patients with incomplete 21HD, as 
well as the remaining 47 of the total 52 hirsute women 
with and without oligomenorrhea. The results shown 
in Fig. 4 indicate that A, DHEA-S, and T, as well as 
urinary 17KS levels in the five CAH patients were 
within the 95% confidence limits established for hirsute 
women, although some of the C-19 steroid (“andro- 
gen”) levels in the five CAH patients were above those 
seen in normal women. 

However, the A response to ACTH was significantly 
larger (p < 0.05) in four of the five CAH patients* than 
in the seven control and 10 hirsute oligomenorrheic 
women, between whom there was no difference in re- 
sponse (Fig. 5). The serum A/cortisol ratio after ACTH 
stimulation, combining the increased A and decreased 
serum cortisol response to ACTH in these five CAH 
patients, was markedly higher in the CAH patients 
than in the control and hirsute oligomenorrheic wom- 
en (Fig. 5). Serum T levels rose by a mean (+SEM) of 
0.46 + 0.05, 0.44 + 0.05, and 0.68 + 0.15 ng/ml in re- 
sponse to ACTH stimulation in the seven control and 
10 hirsute oligomenorrheic women, and in four of the 
five CAH patients,* respectively. The mean T response 
in the CAH patients was not significantly larger than 
that observed in the control and hirsute oligomenor- 
rheic women (0.1 > p > 0.05). The five CAH patients 
received 0.5 or 0.75 mg of dexamethasone each day in 


divided doses. All resumed regular cycles, and the one. 


patient who desired fertility conceived within 3 months 
and was delivered of an apparently normal female in- 
fant efter 40 weeks’ gestation. 

Family members of two of the five CAH patients vol- 
unteered for further tests and, together with four of 
the five CAH patients, for HLA typing. The results of 
the HLA typing are listed in Table II. Two of the four 
patients were homozygous for the By, antigen. The 
third patient was found to have one By, and another 
undefined B antigen, whereas the fourth patient had 
one undefined B and a Bws antigen. The results of the 
HLA typing performed on family members of two of 
the five CAH patients are shown in Fig. 6. Both fathers 
and mothers carried one B,, antigen, and both patients 


*Serum available from the fifth patient was insufficient for 
analysis. 
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CONTROLS CAH CONTROLS CAH 
Fig. 3. Serum cortisol and deoxycortisol 60 minutes after the 
IV administration of a single bolus of 0.25 mg of ACTH in 
seven female control subjects and the five (four) patients with 
CAH. 
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Fig. 4. Serum levels of androstenedione, testosterone, dehy- 
droeviandrosterone sulfate (DHEA-S), and urinary 17-keto- 
steroids (77KS) in the five patients with CAH (dots) as com- 
pared tc the 95% confidence limits established for these 
steroids in 47 hirsute women (hatched bars). 


were homozygous for By. One patient was the only 
child. One of the two brothers and the sister of the 
other patient who volunteered to participate had no By, 
antizens (Fig. 6). The 17OHP response to ACTH in 
these seven family members was determined and com- 
pared with that in the normal control and the hirsute 
cligomenorrheic women and the five CAH patients 
(Fig. 7). Both fathers and one mother had a 17OHP 
response which was significantly larger (p < 0.05) than 
that observed in five.normal men, as well as in seven 
normal women and 10 hirsute oligomenorrheic 
patients. 


Comment 


The data indicate that CAH due to incomplete 21HD 
may manifest itself after puberty. These women pre- 
sen: with complaints of hirsutism, menstrual irreg- 
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Fig. 5. Serum androstenedione and androstenedione/cortisol ratios 60 minutes after the IV adminis- 
tration of a single bolus of 0.25 mg of ACTH in seven female control arid 10 hirsute oligomenorrheic 


women, and in four of the five patients with CAH. 


Table II. HLA-ABA antigens in four women with 
CAH | 
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ularities, and infertility, and clinically are indistin- 
guishable from other patients with mild-to-moderate 
androgen excess. In patients with adult manifestation 
of CAH, basal cortisol levels are normal, whereas basal 


A, DHEA-S, T, and urinary 17KS levels generally fall ` 


within the 95% confidence limits established for hirsute 
women. Serum levels of 17OHP are usually elevated 
above those of normal and hirsute oligomenorrheic 
women alike, but overlapping may occur. The most 
sensitive diagnostic test is the ACTH-induced rise in 
17OHP, easily measured 1 hour after an IV bolus of 
0.25 mg of ACTH after dexamethasone suppression. 
ACTH also induces an increased rise in A and a smaller 
rise in T in CAH patients. The ratio of A to cortisol 
after ACTH is significantly larger in all CAH patients, 
as compared to other hirsute oligomenorrheic women. 
These five patients had a decreased cortisol but normal 
1 1-deoxycortisol response to ACTH, thus document- 
ing incomplete 21HD. Although none of the five CAH 
patients had 11HD, this disorder may also cause adult 
manifestation of CAH presenting with androgen 
excess, oligomenorrhea or amenorrhea, and hyper- 
tension. | 

In vitro studies have suggested that 11HD may be 
induced by elevations in A, DHEA, and T levels.'® 
The finding that our CAH patients had incomplete 
21HD which was unaffected by androgens indicates 


that the rise in basal C-19 steroids and their increased 
response to ACTH are the result of, rather than the 
cause for, their mild defect in cortisol biosynthesis. Be- 
cause A is secreted by the adrenals, and T results from 
the peripheral conversion of A, the basal levels of A 
and the ACTH-induced rises in A are larger than those 
observed for T in CAH patients. Thus, clinically, signs 
of androgen excess are similar in CAH patients and in 
other hirsute oligomenorrheic women who may have 
PCO. 

The 170HP respense in the 10 hirsute oligomenor- 
rheic women did not differ from that observed in seven 
control women tested during the luteal phase. This 
phase of the menstrual cycle was chosen because the 
suggestion has been made that the ACTH-induced 
170HP rise is smaller during the luteal than during the 
follicular phase, although the absolute 17OHP levels 
attained in response to ACTH have been higher in the 
luteal phase.'’ In this study, the rise in 17O0HP was 
expressed in absolute serum concentrations. Our data 
which demonstrate no differences in the serum 17QHP 
response to ACTH between normal and. hirsute oligo- 
menorrheic women are in agreement with one report 
in the literature” and in disagreement with another.'® 
Similarly, we did not observe a difference in the 
ACTH-induced rise in A between normal and hirsute 
oligomenorrheic women as reported by others.'® These 
apparent discrepancies may be due to differences in 
the testing procedures. 

It is well known that androgen excess accelerates lin- 
ear growth and epiphyseal closure. Patients with CAH 
are ultimately shorter than expected based upon pa- 
rental height. Patients who postpubertally are found to 
have CAH may alse be shorter, and this may be an 
important clue. Three of our five CAH patients were 
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MOTHER: A, BoyCwo /Aws3 Brg Cwx | MOTHER: 455 BygCwx/Agg Bro wx 


FATHER: Ay, BigCwx/ Ax Bia Cwx FATHER: A, BaCyx/ Ang Big Cw 


PATIENT: Awa BigCwx/Ax Big Cw PATIENT: A,B Ciyy/ Ang ByE wx 


BROTHER: A; BayCwe/ Awan Baa Cwx 


SISTER: Az Boy Cw2/ Awsao Bia Cwx 


Fig. 6. Results of HLA typing of family members of two of the 
five patients with CAH. Black circles indicate the two affected 
women, and the half-black circle and squares indicate parents 
whose 17OHP response to ACTH is increased, thus suggest- 
ing heterozygosity. | 


less than 5 feet tall, whereas one was 5 teet 2 inches tall 
and another was 5 feet 5 inches tall. However, all three 
patients who were less than 5 feet tall were Mexican- 
Americans and within the height range of that ethnic 
group. 

Recent studies have dealt with the aspects of het- 
erozygosity in CAH and strengthened the suggestion 
that this disorder ts genetically linked and similar to the 
condition seen in children. Our study confirms that a 
“heterozygous” ACTH-induced 17OHP response may 
be observed in some family members. Nevertheless, 
our understanding of the expression of this disorder in 
heterczygotes is incomplete, since in one of the two 
families tested, the mother did not exhibit an increased 
17OHP response, as might be expected if this condition 
is an autosomal recessive disorder. However, it has 
been shown that the heterozygous response is not ab- 
solute* and is more variable in women." The post- 
pubertal expression of mild CAH due to incomplete 
21HD may be determined by other factors, as well. 
Events such as adrenarche with increases in the pro- 
ducticn of steroid hormones may trigger the manifes- 
tation of this disorder. 

HLA typing has added to our understanding of the 
genetic linkage in this disorder. It is generally agreed 
that the gene responsible for 21HD is somehow associ- 
ated with the B antigens. Nevertheless, to date, there is 
no particular B antigen which is characteristic of this 
disorder. The monitoring of HLA B antigens has been 
used mainly within families in order to elucidate the 
genetic transmission of 21HD. For these reasons and 
because of the wide variation of HLA genotypes which 
exist, it was considered to be unnecessary to do more 
extensive HLA typing on women without biochemical 
evidence for their disorder. In the two families tested 
for HLA, both parents passed on a B, antigen to their 
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Fig. 7. Increases in serum 17OHP 60 minutes after the IV 
admiiist-ation of a single bolus of 0.25 mg of ACTH in seven 
normal female control subjects, 10 hirsute oligomenorrheic 
women, and the five patients with CAH and seven of their 
family members. 


affected children, who were two of our five CAH pa- 
tients. In one of the two families, a sister and a brother 
who had a normal 170HP response to ACTH had no 
B, antigen. The third of the four CAH patients tested 
for HLA had only one documented B,, antigen, 
whereas the second B antigen was undetermined. The 
resu.ts cbtained in the fourth CAH patient in whom no 
By4 antizen was found are explained by the assumption 
that incomplete 21HD may be linked to B antigens 
other than B,,, as stated earlier. The exact mode of 
inheritance of this disorder, the association of the gene 


with ce`tain cellular antigens, and the control of the 


express on of this disorder remain enigmatic and war- 
rant further investigation. 

In conclusion, adult manifestation of CAH does 
exist. Clinically, this disorder mimicks PCO, and the 
diagnosis of it hinges upon the 17OHP response to 
ACTH. This disorder is readily corrected with 0.5 to 
0.75 mg of dexamethasone daily, given in divided 
doses. Family members of CAH patients may have an 
abnormal 17OHP response to ACTH, thus suggesting 
a “heterozygous” or carrier state. HLA typing and test- 
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ing of the 17OHP response to ACTH in their spouses 
may be of help in the genetic counseling of women with 
the disorder, and HLA typing of amniotic fluid cell 
cultures may aid in the antenatal diagnosis of CAH. 


We are indebted to Mr. Dan Ford and the staff at the 
Blood Bank Laboratory of the Los Angeles County/ 
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University of Southern California Medical Center for 
HLA typing, to Mrs. Helen R. Haase, M.Sc., for skillful 
technical assistance, and Ms. Lisa Rodriguez, R.N., for 
her efforts in dealing with patients and volunteers in 
our Gynecologic Endocrinology/Infertility Clinic. 
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_. The Capital Area Community Health Plan, a Federally 
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- olans/Gynecologists. The individual who accepts 
| this position will join a medical staff which includes 
_ the subspecialties of Dentistry, Family Care, Internal 

~ Medicine, Pediatrics, Psychiatry, Otolaryngology, 
Radiology, Surgery and others. 


CHP is located in New York's Capital District, an 
educational center within easy reach of Boston, New 
York City, Montreal, etc., which has an abundance of 

. cultural and recreational options and offers a wide 
range of residential styles. 


Professionals enjoy attractive salary and fringe 
benefits. 


Inquiries about our practice should be addressed to 
STANLEY E. KILTY, M.D., Medical Director, CHP, 
1201 Troy-Schenectady Road, Latham, New York 
12119. Collect telephone inquiries are welcome: 
518-783-3110. 
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Continued growth in the Kaiser/Pruden- 
tial Health Plan membership has created 
opportunities for Board eligible/certified 
physicians in: Obstetrics/Gynecology, 
General Surgery, Internal Medicine, Car- 
diology, Family Practice. Allergy, Pediat- 
rics. Members of the Permanente Medical 
Association of Texas (PMAT) provide 
comprehensive outpatient and inpatient 
care for Health Plan members. Incomes 
are competitive and there is a compre- 
hensive fringe benefit package including 


an incentive income program after two 
years with the Medical Group. 


This is a fine opportunity for qualified 
physicians to combine an active medical 
career free of administrative concerns 
with the pleasures of living in a prosperous 
city of the Southwest. 


Send curriculum vitae to: 
Paul Lairson, M.D. 
The Permanente Medical Association 
of Texas 
7777 Forest Lane — Suite 2444 
Dallas, TX 75230 





Flagyl (metronidazole) zo m 


Warning | 


| Metronidazole has been shown to be carcinogenic im 
| mice and possibly carcinogenic in sats. See Warnings | 


Unnecessary use of the drug should be avoided. ts use 
shoul be reserved for the conditiens described in the 
i fingicatians section 


indications: For the treatment of symptematic tichomoniasis in 
females and males when the presence of the trichomonad has 
been confirmed by appropriate laboratory procedures iwel smears 
and/or cultures). Also for the treatment of asymptomatic famaies 
when the organism is associated with endacenicilis, Cervicitis, of 
carvical erosion. F vaginalis infection is a venereal disease and 
therefore, asymptomatic sexual partners of treated patients should 
y treated simultaneously if the organism is present. The decision 
ta treal an asymptomatic male partner who has a negative culture. 
a one in whom no culture has been attempted, is an individual 
ane. in any event. the consort should be treated with Flagy! in 
cases of reinfection. Flagyl is alse indicatec for acute intestinal 
amebiasis amebi dysentery) and for amebie liver abscess. 


Contraindications: Evidence or history of blood dyscrasia, active 
organic disease af the CNS. the first trimester of pregnancy 
and a hypersensitivity to metronidazole. 


Warnings: Flagyl should not be used in the first trimester of 
pregnancy (see Contraindications). Use with discretion during 
the second and third trimesters of pregnancy and restegt ta 
those pregnant patents not cured by topical measures. Flagyl 
(metronidazole? is Secreted in the breast milk of nursing mothers. 
it is sot known whether this can be injurious to the newborn, 
R used curing lactation. an alternative method of feeding may 
be elected. 


Tumorigencity Studies in Rodents. Metronidazole has shown 
evidence of tumorigenic activity in a number of studies involving 
chronic. oral administration in mice and rats. 

Most grominent among the effects in the mouse was the 
promotion of pulmonary tumorigenesis. This has been observed 
in all five reported studies in that species, including one study 
in which the animals were dosed on an intermittent schedule 
administration during every fourth week only). One of the 
mouse studies revealed increases in the incxience of malignant 
lymphomas as well as pulmonary neoplasms associated wilh 
lifetime feeding of the drug. Al these effects are statistically 
significant, 

in two long-term toxicity studies in the rat there was a 
Statistically Significant increase in the incidence of various neo- 
plasms. particularly mammary tumors. among female rats on 
metronidazole over that noted in the control groups 

Two iifetime tumorigenicity studies in hamsters have been 
reported to be negative. 

Metronidazole has been reported to potentiate the anti 
coagulant effect of coumarin and warfarin resulting in a mo 
longation of prothrombin time. This possible drug interaction 
should be considered when Flagy is prescribed for patients on 
this type of anticoagulant therapy 


Precautions: Milé leukopenia has been reported during Flagyl 
(metronidazole) use: total and differential leukocyte coums are 
recommended before and after treatment with the drug. especially 
if a second course is necessary. Flagyl may interfere with certain 
chemical analyses for SGOT. Avoid alcoholic beverages during 
Flagyl therapy because abdominal cramps. nausea. vomiting, 
headaches and flushing may occur. Discontinue: Flagy! promptly 
if abnormal neurologic signs occur. Exacerbation of candidiasis 
may occur. In amebic liver abscess. aspitale pus during metro 
nidazoie therapy. 


Adverse Reactions: Nausea, headache, anorexia, vomiting, diar- 
thea, epigastric distress, abdominal cramping. constipation, a 
metallic, sharp ang unpleasant taste, fury tongue. glossitis and 
stomatitis possibly associated with a sudden ovemrowth of 
Candida, exacerbation of vaginal candidiasis, an occasional te 
versible moderate leukopenia, dizziness, vertigo, incoardinatian, 
ataxia, convulsive seizures, peripheral neuropathy. fleeting joint 
pains, Confusion. irritability, depression. weakness. insomnia. 
mid erythematous eruptions, urticaria. flushing, nasal congestion, 
dryness of the mouth, vagina or vulva, pruritus. dysuria; cystitis. 
a sense of pelvic pressure. dyspareunia. fever, polyuria, incon 
tinence, decrease of libido, proctitis. pyuria and darkened urine 
have occurred in patients receiving the drug. Patients receiving 
Fagyi may experience abdominal distress. nausea. vomiting. 
flushing or headache if alcoholic beverages are consumed. The 
taste of alcoholic beverages may also be modified. Flattening 
of the T-wave may be seen in ECG tracings 


SEAR Searle & Co. 

San Juan, Puerto Rico 00936 
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G. D, Searle & Co. . 
Medical Communications Department, Box $110 
Chicago. illinois 60680 





PRA A AAO 


944-R2 





ety 


SORE 
ite 3, Sag MERA et i B 


a a ee 
oo Seer SSSA 
‘3! 4 

Seis sid 


AMEE 


By, a 
Deni : 
or EGR & 
3 eis ee a 
pak : 
s 


zie 


v 


n Seas" 


em 
oF 
xs 
SPRE 
Soy 
KEAN 


Sighs 


A 
NSU Sane 
sare 


tae an 
Wha 
EAA RANN 

Ba 








- His trichomoniasis can 
make her therapy useless 
unless they both take... 


When the male is not treated for Trichomonas vaginalis, the female— 
no matter how well she cooperates with therapy—probably will become 
reinfected. To arrest this infection/reinfection cycle, both infected 
partners must be treated simultaneously. 









The only systemic trichomonacide—In the female, triichomoniasis 

is a multiorgan disease. Trichomonads invade the vagina, and are often 
deeply entrenched in the endocervix, Skene's and Bartholin's glands, 
the urethra, and the bladder. The male genitourinary tract has seven 
possible sites of infection. Only the systemic action of Flagyl can 
eliminate sequestered trichomonads from these sites; topical treat- 
ments are ineffective. 


Effective in both partners—Because it reaches infection sites via the 
bloodstream, Flagyl is the only trichomonacide that is effective in both 
men and women. And Flagyl is the only available agent of its kind. 


The only effective trichomonacide for couples 






i 250-mg. tablets 


F lagy (metronidazole) 


Piease see adjacent page for briet summary cf prescribing information, 
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Sure as a new day will dawn, 
Peri-Colace works with gentle, proven predictability 


PERI-COLACE combines the gentle 
laxative and effective stool softener 
so often needed when bowel motility 
is depressed. PERI-COLACE acts gently 
to induce peristalsis, while the stool- 
softening agent lets natural intestinal 
water permeate stools. 


PERI-COLACE is predictable —gentle 
evacuation usually occurs within 8 to 
12 hours. It is useful in obstetrical 
patients, as well as in geriatrics, pre- 
and postoperative patients, the con- 
valescent, in patients with medication- 
related suppression of bowe! motility 
and children. 


PERI-COLACE —gentle, proven, pre- 
dictable. In capsule and liquid forms. 


PERIGOLAGE 


casanthrano! and diocty! sodium suifosuccinate 


Gentle laxative plus stool softener 
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- Anew beginning 
for oral contraceptive : 
ge 


Low-dose oral contraceptio 
for the new-start patient. 





Now—a refinement in low-dose oral 
contraception. 


New Norinyl® 1+35 from Syntex was specifically for- 
mulated to satisfy the goals of effective low-dose contra- 
ception, while reducing the. possibility of commonly 
encountered side effects such as breakthrough bleeding-" 


Norinyl 1+35 contains 1.0 mg of norethindrone —the 
time-tested progestin...aand 0.035 mg of ethinyl estra- 
diol—a well accepted level of estrogen. 

This level of norethindrone serves two important func- 
tions. First, it helps insure a high rate of efficacy. Secondly, 
-it reduces the possibility of breakthrough bleeding. 


(norethindrone 1.0 mg and ethinyl estradiol! 0.039 mag) 


An unsurpassed rate of efficacy. 


-No pregnancies have been reported with Norinyl 1+ 


when it has been taken as directed. In fact, its effica 
rate is comparable to that achieved with higher-do 
ovgasiel relate atte 


With little chance of breakthrough bleeding. 


Norinyl 1+35 provides sufficient endometrial support 
assure comfortable contraception for the vast majo 
of women — —with very little likelihood of breakthrou: 


Tablets 


i i 


"Note: serious as well as minor side effects have been reported following the 
use of all oral contraceptives. These include thromboembolic disease. Please 
see summary of Prescribing Information on following page. 

tThe overall pregnancy rate was 0.17 per hundred woman-years, in clinical 
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trials with 940 patients completing 14,366 cycles of use. 
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Norinyi” 1+35 21-Day Tablets (norethindrone 1 mg. with ethinyl 
estradiol 0.035 mg.) 


Norinyl* 1+35 28-Day Tablets (21 norethindrone 1 mg. with ethinyl 
estradiol 0.035 mg. tablets followed by 7 inert tablets) 


ORAL CONTRACEPTIVE (0.C.) AGENTS 


indications 0.C.s are indicated for the pene of pregnancy. DOSE- 
RELATED RISK OF THROMBOEMBOLISM FROM 0.C.s. Studies have shown a 
positive association between the dose of estrogens in 0.C.s and the risk of 
thromboembolism. For this reason, it is prudent and in keeping with good 
principles of therapeutics to minimize exposure to estrogen. The 0.C. prod- 
uct prescribed for any given patient should be that product which contains the 
least amount of estrogen that is compatible with an acceptable pregnancy rate 
and patient yer gone It is recommended that new acceptors of 0.C.s 
should be started on preparations containing 0.05 mg or less of estrogen. 
Contraindications 1. Known or suspected pregnancy (see Warning No. 
5). 2. Thrombophlebitis or thromboembolic disorders. 3. A past history of 
deep vein thrombophlebitis or thromboembolic disorders. 4. Undiagnosed 
abnormal genital bleeding. 5. 0.C.s should not be used by women who have or 
have had any of the following conditions: a. Cerebral vascular or coronary ar- 
tery disease. b. Known or suspected carcinoma of the breast. c. Known or 
suspected estrogen dependent neoplasia. d. Benign or malignant liver tumor 
which developed during the use of oral contraceptives or other estrogen con- 
taining products. 


WARNINGS: Cigarette smoking increases the risk of serious car- 
diovascular side effects trom 0.C. use. This risk increases with age and 
with heavy smoking (15 or more cigarettes per day) and is quite 
marked in women over 35 years of age. Women who use 0.C.s should 
be strongly advised not to smoke. 


The use of 0.C.s is associated with increased risk of several serious condi- 
tions including thromboembolism, stroke, myocardial infarction, liver 
tumor, gall bladder disease, visual disturbances, fetal abnormalities, and 
| hypertension. Practitioners prescribing 0.C.s should be familiar with the 
| following information relating to these risks. 


1. Thromboembolic Disorders and Other Vascular Problems: An increased 
risk of thromboembolic and thrombotic disease associated with the use of 
0.C.s is well established. One British study demonstrated an increased rela- 
tive risk for fatal venous thromboembolism; two British and three American 
Studies demonstrated an increased relative risk for non-fatal venous throm- 
boembolism. These studies estimate that users of 0.C.s are 4 to 11 times 
more likely than nonusers to develop these diseases without evident cause. 
CEREBROVASCULAR DISORDERS. Two American studies demonstrated an 
increased relative risk for stroke, which had not been shown in prior British 
Studies. In a collaborative American study of cerebrovascular disorders in 
women with and without predisposing causes, it was estimated that the rela- 
tive risk of hemorrhagic stroke was 2.0 times greater in users than nonusers 
and the relative risk of thrombotic stroke was 4 to 9.5 times greater in users 
than in nonusers. A British long-term, follow-up study reported in 1976 a 
highly significant association between 0.C. use and stroke. Another British 
long-term, follow-up study had suggested such an association in 1974, but 
the number of cases was too small to estimate the risk. MYOCARDIAL IN- 
FARCTION. An increased relative risk of myocardial infarction associated with 
the use of 0.C.s has been reported, confirming a previously suspected asso- 
ciation. One study conducted in the United Kingdom found, as expected, that 
the greater the number of underlying risk factors for coronary artery disease 
(cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, 
history of preeciamptic toxemia) the higher the risk of developing myocardial 
infarction, regardless of whether the patient was an O.C. user or not. 0.C.s, 
however, were found to be an additional risk factor. In terms of relative risk. it 
has been estimated that 0.C. users who do not smoke (smoking is consid- 
ered a major predisposing condition to myocardial infarction) are about twice 
as likely to have a fatal myocardial infarction as nonusers who do not smoke. 
0.C. users who are also smokers have about a 5-fold increased risk of fatal 
infarction compared to users who do not smoke, and about a 10- to 12-fold 
increased risk compared to nonusers who do not smoke. Furthermore, the 
number of cigarettes smoked is also an important factor. In determining the 
importance of these relative risks, however, the baseline rates for various age 
oho must be given serious consideration. (The estimates are based on 

ritish vital statistics which show acute myocardial infarction death rates 2- to 
3-times less than in the U.S. for women in these age groups; consequently, 
actual U.S. death rates could be higher.) The importance of other predispos- 
ing conditions mentioned above in determining relative and absolute risks 
has not been quantified; other synergistic actions may exist. RISK OF DOSE. 
in an analysis of data derived from several national adverse reaction reporting 
systems, British investigators concluded that the risk of thromboembolism 
including coronary thrombosis is directly related to the dose of estrogen used 
in 0.C.s. Preparations containing 0.1 mg or more of estrogen were as- 
sociated with a higher risk of thromboembolism than those containing 0.05- 
0.08 mg of estrogen. Their analysis did suggest, however, that the quantity 
of estrogen may not be the sole factor involved. This finding has been sup- 

orted by a study in the United States. Careful epidemiological studies to de- 
ermine the degree of thromboembolic risk associated with progestogen-only 
0.C.s have not been performed. Cases of thromboembolic disease have been 
reported in women using these products, and yr should not be presumed to 
be free of excess risk. ESTIMATE OF EXCESS MORTALITY FROM CIRCULAT- 
ORY DISEASE. A large British prospective study estimated the mortality rate 
per 100,000 women per year from diseases of the circulatory system for 
users and nonusers of 0.C.s according to age, smoking habits, and duration 
of use. The overall excess death rate annually from circulatory diseases for 
0.C. users was estimated to be 20 per 100,000 (ages 15-34 —5/100, 000; 
ages 35-44—33/100,000; ages 45-49 —140/100,0 4 The risk is concen- 
trated in older women, in those with a long duration of use, and in cigarette 
smokers, and may persist after discontinuation of 0.C. use. It was not possi- 
ble, however, to examine the interrelationships of age, smoking, and dura- 
tion of use, nor to compare the effects of continuous vs. intermittent use. 
Although the study showed a 10-fold increase in death due to circulatory dis- 
eases in users for 5 or more years, all of these deaths occurred in women 35 
or older. Until larger numbers of women under 35 with continuous use for 5 
or more years are available, it is not possible to assess the magnitude of the 
relative risk for this younger age group. The available data from a variety of 
sources have been analyzed to estimate the risk of death associated with vari- 
ous methods of contraception. The estimates of risk of death for each method 
include the combined risk of the nape yt method (e.g., thromboem- 
bolic and thrombotic disease in the case of 0.C.s) plus the risk attributable to 
pregnancy or abortion in the event of method failure. This latter risk varies 
with the effectiveness of the contraceptive method. The findings of this 
analysis are shown in Table 1 below. The study concluded that the mortality 
associated with all methods of birth control is low and below that of 
childbirth, with the exception of 0.C.s in women over 40 who smoke. (The 
rates given for pill only/smokers for each age group are for smokers as a 
class. For ‘‘heavy’’ smokers (more than 15 cigarettes a day), the rates given 
would be about double; for ‘‘light'’ smokers (less than 15 cigarettes a day), 
about 50 percent.) The lowest mortality is associated with the condom or dia- 
phragm backed up by early abortion. The study also concluded that 0.C. 
users who smoke, especially those over the age of 30, have a greater mortal- 
ity risk than 0.C. users who do not smoke. 


Table 1. The annual number of deaths associated with control of fertility and 
no control per 100,000 nonsterile women by regimen of control and age of 















women are: 

15-19 20-24 25-29 30-34 35-39 40-44 
No method 5.6. 6.1 7.4 13.9 20.8 22.6 
Abortion only be’ i288 TS Lee 2 E2? 
Pill only —nonsmokers 1.3 1.4 1.4 2.2 4.5 v.3 
Pill only —smokers 1.5 1.6 1.6 10.8 13.4 589 
IUDs only 09 10 12 ne” 2e--* 8 
Traditional 
contraception only 1.1 1.6.. "28 36 50 4.2 
Traditional contra- 
ception and abortion 02- G2 "Ba 02 BS <2 


The risk of thromboembolic and thrombotic disease associated with 0.C.s 
increases with age after approximately age 30 and, for myocardial infarction, 
is further increased by hypertension, hyperlipidemias, obesity, diabetes, or 
history of preeclampic toxemia and especially by cigarettg smoking. Based on 


risk of death from circulatory disorders associated with the use of 0.C.s: 
Table 2. Smoking habits and other predisposing conditions —risk associ- 





ated with use of 0.C.s 
Age Below 30 30-39 40+ 

Heavy smokers C B A 
Light smokers D C B 
Nonsmokers 

(No predisposing conditions) D C.D C 
Nonsmokers 

(other predisposing conditions) C C,B B.A 





A—Use associated with very high risk. C—Use associated with moderate risk. 
B— Use associated with high risk. D—Use associated with low risk. 


The physician and the patient should be alert to the earliest manifestations of 
thromboembolic and thrombotic disorders (e.g., thrombophlebitis, pulmo- 
nary embolism, cerebrovascular insufficiency, coronary occlusion, retina! 
thrombosis, and mesenteric thrombosis). Should any of these occur or be 
Suspected, the drug should be discontinued immediately. A four- to six-fold 
increased risk of post-surgery thromboembolic complications has been re- 
ported in 0.C. users. If feasible, 0.C.s should be discontinued at least 4 
weeks before surgery of a type associated with an increased risk of throm- 
boembolism or prolonged immobilization. Data also suggest that the pres- 
ence of varicose veins substantially increases the risk of superficial venous 
thrombosis of the leg, the risk depending on the severity of the varicosi- 
ties. Ocular Lesions: There have been reports of neuro-ocular le- 
sions such as optic neuritis or retinal thrombosis associated with the use of 
0.C.s. Discontinue 0.C. medication if there is unexplained, sudden or 
gradual, partial or complete loss of vision; onset of proptosis or diplopia; 
papilledema; or retinal vascular lesions; and institute appropriate diagnostic 
and therapeutic measures. Carcinoma: Long-term continuous administration 
of either natural or synthetic estrogen in certain animal species increases the 
frequency of certain adenomas, benign or malignant, such as those of the 
breast, cervix, vagina, uterus, ovary, pituitary and liver. Certain synthetic 
progestogens, none currently contained in 0.C.s, have been noted to in- 
crease the incidence of mammary nodules, benign and malignant, in dogs. 
Several retrospective case-control studies have reported an increased relative 
risk (3.1 to 13.9 times) associating endometrial carcinoma with the prolonged 
use of estrogens in postmenopausal women who took estrogen replacement 
medication to relieve menopausal symptoms. One publication reported on the 
first 30 cases submitted by physicians to a registry of cases of adenocar- 
cinoma of the endometrium in women under 40 on 0.C.s. Of the adenocar- 
cinomas found in women without predisposing risk factors for adenocar- 
cinoma of the endometrium (e.g., ste be bleeding at the time 0.C.s were 
first given, garge ovaries) nearly all occurred in women who had used a 
sequential O.C. These products are no longer marketed. No statistical associ- 
ation has been reported suggesting an increased risk of endometrial cancer in 
users of conventional combination or progestogen-only 0.C.s, although indi- 
vicual cases have been reported. Several studies have shown no increased 
risk of breast cancer to women taking 0.C.s or estrogens. In one study, how- 
ever, while no overall increased risk of breast cancer was noted in women 
treated with 0.C.s, a qan risk was suggested for the subgroups of 0.C. 
users with documented benign breast disease and for long-term (2-4 years) 
users. One other study indicated an increasing risk of breast cancer in women 
taking menopausal estrogens, which increased with duration of follow-up. A 
reduced occurrence of benign breast tumors in users of 0.C.s has been well 
documented. In a prospective study of women with cervical dysplasia, there 
was an increase in severity and of conversion to cancer in situ in 0.C. users 
compared with nonusers. This became statistically significant after 3 to 4 
years of use. Nonreversal of ore within the first 6 months of pill use was 
Suggested to be predictive o properen after prolonged exposure. There 
have been other reports of microglandular hyperplasia of the cervix in users 
of 0.C.s. In summary, there is at present no confirmed evidence from human 
studies of an increased risk of cancer associated with 0.C.s. Close clinical 
surveillance of all women taking 0.C.s is, nevertheless, essential. In all cases 
of undiagnosed persistent or recurrent abnormal vaginal og appropri- 
ate diagnostic measures should be taken to rule out malignancy. Women with 
a strong family history of breast cancer or who have breast nodules, fibrocys- 
tic disease or abnormal mammograms should be monitored with particular 
care if they elect to use 0.C.s instead of other methods of contraception. 4. 
Liver Tumors: Sudden severe abdominal pain or shock may be due to rupture 
and are of a liver tumor. There have been reports associating benign 
or malignant liver tumors with O.C. use. This has been reported in short- 
term as well as long-term users of 0.C.s. One study reported that use of 0.C.s 
with high hormonal potency and age over 30 years may further increase a woman's 
risk of hepatocellular adenoma. studies relate risk with duration of use, the 
risk being much greater after 4 or more years of use. Although it is an un- 
common lesion, it should be considered in women presenting with an ‘‘acute 
abdomen’. The tumor may cause serious or fatal hemorrhage. Patients with 
liver tumors have demonstrated variable clinical features which may make 
preoperative diagnosis difficult. Some cases presented because of right upper 
Quadrant masses, while most had signs and symptoms of acute in- 
traperitoneal hemorrhage. Routine radiological and laboratory studies may 
not be helpful. Liver scans may clearly show a focal defect. Hepatic arteriog- 
raphy may be a useful procedure in diagnosing primary liver neoplasm. 5. 
Use in or Immediately Preceding Pregnancy, Birth Defects in Offspring, and 
Malignancy in Female Offspring: The use of female sex hormones —both es- 
trogenic and progestational sy ketal early pregnancy may seriously 
damage the offspring. It has been shown that females exposed in utero to 
diethylstilbestro!, a nonsteroidal estrogen, have an increased risk of develop- 
ing in later life a form of vaginal or cervical cancer that is ordinarily extreme 
rare. This risk has been estimated to be of the order of 1 in 1,000 exposures 
or less. Although there is no evidence at the present time that 0.C.s further 
enhance the risk of nh el this type of malignancy, such patients should 
be monitored with particular care if they elect to use 0.C.s instead of other 
methods of contraception. Furthermore, a high percentage of women ex- 
sed to diethylstilbestro! (from 30 to 90%) have been found to have epithe- 
ial changes of the vagina and cervix. Although these changes are histologi- 
oe benign, it is not known whether this condition is a precursor of vaginal 
malignancy. Male children so exposed may rhe abnormalities of the uro- 
genital tract. Although similar data are not available with the use of other es- 
trogens, it cannot be presumed that they would not induce similar changes. 
An increased risk of congenital anomalies, including heart defects and limb 
defects, has been reported following use of sex hormones, including 0.C.s, 
in Je nancy. In one case-control study it was estimated that there was a 
4.7-fold increased relative risk of limb-reduction defects in infants exposed in 
utero to sex hormones (0.C.s, hormonal withdrawal tests for pregnancy or 
attempted treatment for threatened abortion). Some of these exposures were 
very short and involved only a few days of treatment. The data suggest that 
the risk of limb-reduction defects in exposed fetuses is somewhat less than 1 
in 1,000 live births. In a large prospective study, cardiovascular defects in 
children born to women who received female hormones, including 0.C.s, 
during ary oh ag occurred at a rate of 18.2 per 1,000 births, compared 
to 7.8 per 1,000 for children not so exposed in utero. These results are statis- 
tically significant. In the past, female sex hormones have been used during 
pregnancy in an attempt to treat threatened or habitual abortion. There is 
considerable evidence that estrogens are ineffective for these indications, and 
there is no evidence from well controlled studies that progestogens are effec- 
tive for these uses. There is some evidence that triploidy and possibly other 
types of polyploidy are increased among abortuses from women who become 
pregnant soon after ceasing 0.C.s. Embryos with these anomalies are virtu- 
ally always aborted spontaneously. Whether there is an overall increase in 
spontaneous abortion of pregnancies conceived soon after stoppiig 0.C.s is 
unknown. If the patient has not adhered to the prescribed schedule, the pos- 
sibility of pregnancy should be considered at the time of the first missed 
ere (or after 45 days from the last menstrual period if progestogen-only 
.C.s are used) and further use of 0.C.s should be withheld until pregnancy 
has been ruled out. It is recommended that for any patient who has missed 
two consecutive periods, pregnancy should be ruled out before continuing 
the eee Be gvo regimen. If progmary is confirmed, the patient should be 
apprised of the potential risks to the fetus and the advisability of continuation 
of the pregnancy should be discussed in the light of these risks. It is also 
recommended that women who discontinue 0.C.s with the intent of becom- 
ing pregnant use an alternate form of contraception for a period of time 
before attempting 4o conceive. Many clinicians recommend 3 months, al- 
psig oh no precise information is available on which to base this recom- 
mendation. The administration of progestogen-only or progestogen-estrogen 
combinations to induce withdrawal bleeding should not be used as a test of 
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bladder Sease in users of 0.C.s or estrogens. In one study, an increased 
risk appeared after 2 years of use and doubled after 4 or 5 years of use. In 
another study an increased risk was apparent between 6 and 12 months of 
use. 7. Carbohydrate and Lipid Metabolic Effects: A decrease in glucose tol- 
erance has been observed in a significant percentage of patients on 0.C.s. 
For this reason, prediabetic and diabetic patients should be carefully ob- 
served while receiving 0.C.s. An increase in triglycerides and total phos- 
pholipids has been observed in patients receiving 0.C.s. The clinical signifi- 
cance of this finding is unknown. 8. Elevated Blood Pressure: An increase in 
blood pressure has been reported with 0.C. use. In some women, hyperten- 
sion may occur within a few months of beginning O.C. use. In the first yearef 
use, the prevalence of women with hypertension is low in users and may be 
no higher than that of a comparable group of nonusers. The prevalence in 
users increases, however, with longer exposure, and in the fifth year of use is 
two and a half to three times the reported prevalence in the first year. Age is 
also strongly correlated with the development of hypertension in 0.C. users. 
Women with a history of elevated blood pressure (hypertension), preexisting 
renal disease, a history of toxemia or elevated blood pressure during preg- 
nancy, a familial tendency to hypertension or its consequences, or a history 
of excessive weight gain or fluid retention during the menstrual cycle may be 
more likely to develop elevation of blood pressure when given 0.C.s and, 
therefore, should be monitored closely. Even though elevated blood pressure 
may remain within the ‘‘normal’’ range, the clinical implications of elevations 
should not be ignored and close surveillance is indicated, particularly for 
women with other risk factors for cardiovascular disease or stroke. High 
blood pressure may or may not persist after discontinuation of the 0.C. 9. 
Headache: The onset or exacerbation of migraine or development of headache 
of a new pattern which is recurrent, persistent, or severe, requires discon- 
tinuation of 0.C.s and evaluation of the cause. 10. Bleeding Irregularities: 
Breakthrough bleeding, spotting, and missed menses are frequent reasons 
for patients discontinuing 0.C.s. In breakthrough bleeding, as in all cases of 
irregular bleeding from the vagina, nonfunctional causes should be borne in 
mind. In undiagnosed persistent or recurrent abnormal bleeding from the 
vagina, adequate diagnostic measures are indicated to rule out pregnancy or 
malignancy. If pathology has been excluded, time or a change to another 
formulation may solve the problem. Changing to an O.C. with a higher estro- 
gen content, while potentially useful in minimizing menstrual irregularity, 
should be done only if necessary since this may increase the risk of throm- 
boembolic disease. Women with a past history of oligomenorrhea or secon- 
dary amenorrhea or young women without regular cycles may have a tend- 
ency to remain anovulatory or to become amenorrheic after discontinuation 
of 0.C.s. Women with these preexisting problems should be advised of this 
possibility and encouraged to use other contraceptive methods. Post-use 
anovulation, possibly prolonged, may also occur in women without previous 
irregularities. A higher incidence of galactorrhea and of pituitary tumors 
(e.g., adenomas) has been associated with amenorrhea in former users 
compared with nonusers. One study reported a 16-fold increased prevalence 
of pituitary prolactin-secreting tumors among patients with postpill 
amenorrhea when galactorrhea was present. 11. /nfertility: There is evidence 
of impairment of fertility in women discontinuing 0.C.s in comparison with 
those discontinuing other methods of contraception. The impairment appears 
to be independent of the duration of use of the preparations. While the im- 
pairment diminishes with time, there is still an appreciable difference in the 
results in nulliparous women for the 0.C. and non-0.C. groups 30 months 
after discontinuation of birth control. For parous women the difference is no 
longer apparent 30 months after cessation of contraception. 12. Ectopic 
Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contracep- 
tive failures. However, in progestogen-only O.C. failures, the ratio of ectopic 
to intrauterine pregnancies is higher than in women who are not receiving 
0.C.s, since the drugs are more effective in preventing intrauterine than ec- 
topic pregnancies. 13. Breast Feeding: 0.C.s given in the postpartum period 
may interfere with lactation. There may be a decrease in the quantity and 
quality of the breast milk. Furthermore, a small fraction of the hormonal 
agents in 0.C.s has been identified in the milk of mothers receiving these 
drugs. The effects, if any, on the breast fed child have not been determined. If 
feasible. the use of 0.C.s should be deferred until the infant has been 
weaned, Precautions GENERAL 1. A complete medical and family history 
should be taken prior to the initiation of 0.C.s. The pretreatment and periodic 
per examinations should include special reference to blood pressure, 

reasts, abdomen and pelvic organs, including Papanicolaou smear and rele- 
vant laboratory tests. As a general rule, 0.C.s should not be prescribed for 
longer than 1 year without another physical examination being performed. 2. 
Under the influence of estrogen-progestogen preparations, preexisting 
uterine leiomyomata may increase in size. 3. Patients with a history of 
psychic depression should be carefully observed and the drug discontinued if 
depression recurs to a serious degree. Patients becoming significantly de- 
pressed while taking 0.C.s should stop the medication and use an alternate 
method of contraception in an attempt to determine whether the symptom is 
drug related. 4. 0.C.s may cause some degree of fluid retention. They should 
be prescribed with caution, and only with careful monitoring, in patients with 
conditions which might be aggravated by fluid retention, such as convulsive 
disorders, migraine syndrome, asthma or cardiac, hepatic or renal insuffi- 
ciency. 5. Patients with a past history of jaundice during pregnancy have an 
increased risk of recurrence of jaundice while receiving O.C. therapy. If jaun- 
dice develops in ny patient receiving such drugs, the medication should be 
discontinued. 6. Steroid hormones yl be poorly metabolized in patients 
with impaired liver function and should be administered with caution in such 
patients. 7. 0.C. users may have disturbances in normal tr ptophan 
metabolism which may result in a relative pyridoxine deficiency. The clinical 
significance of this is unknown. 8. Serum folate levels may be depressed by 
0.C. te Since the pregnant woman is predisposed to the development 
of folate deficiency and the incidence of folate deficiency increases with in- 
creasing gestation, it is possible that if a woman becomes pregnant shortly 
after stopping 0.C.s, she yp have a greater chance of developing folate de- 
ficiency and complications attributed to this deficiency. 9. The pathologist 
should be advised of O.C. therapy when relevant specimens are submitted. 
10. Certain endocrine and liver function tests and blood components may be 
affected by estrogen-containing 0.C.s. For example: a. Increased sulfo- 
bromophthalein retention. b. Increased prothrombin and factors VII, VIII, IX, 
and X; decreased antithrombin 3; increased gpd ge ein platelet 
aggregability. c. Increased thyroid binding globulin (TBG) leading to in- 
creased circulating total thyroid hormone, as measured by ee oe 
iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free T3 resin uptake 
is decreased, reflecting the elevated TBG, free T4 concentration is unaltered. 
d. Decreased Makes genre excretion. e. Reduced response to metyrapone 
test. DRUG INTERACTIONS 0.C.s may be rendered less effective by virtue of 
drug interaction with rifampin, isoniazid, ampicillin, tetracycline, neomycin, pen- 
icillin V, chloramphenicol, sulfonamides, nitrofurantoin, barbiturates, prang: 
toin, primidone, analgesics, tranquilizers, and antimigraine preparations. 0.C.’s 
may alter the effectiveness of other types of drugs, such as oral anticoagu- 
lants, anticonvulsants, tricyclic antidepressants, mad pte agents 

e.g., quanethidine), vitamins and hypoglycemic agents. CARCINOGENESIS 

e Warnings. PREGNANCY Pregnancy category X. See Contraindications 
and Warnings. NURSING MOTHERS See Warnings. Adverse Reactions An 
increased risk of the following serious adverse reations has been associated 
with the use of 0.C.s (see Warnings): thrombophlebitis, thrombosis, pulmo- 
nary embolism, coronary thrombosis, cerebral thrombosis, mesenteric 
thrombosis, liver tumors, cerebral hemorrhage, hypertension, gall bladder 
disease, congenital anomalies, neuro-ocular lesions, e.g., retinal thrombosis and 
optic neuritis. The following adverse reactions have reported in patients 
receiving 0.C.s and are believed to be drug related: bleeding irregular- 
ities (breakthrough bleeding, spotting, missed menses during treatment, 
amenorrhea after Aier gastrointestinal symptoms (nausea, vomiting, 
bloating, abdominal cramps), dysmenorrhea, infertility after discontinuance 
of treatment, edema, chloasma or melasma which may persist after drug is dis- 
continued, breast changes (tenderness, enlargement, and secretion), intol- 
erance to contact lenses, pea corneal curvature (steepening) change in 
weight (increase or decrease), ge in cervical erosion and cervical secretion, 

ossible diminution in lactation when given immediately postpartum, cho- 
estatic jaundice, migraine, increase in size of uterine leiomyomata, 
rash (allergic), mental depression, reduced tolerance to carbohydrates, vag- 
inal candidiasis, prolactin-secreting pituitary tumors. The follwing adverse 
reactions have been reported in users of 0.C.s, and the association has beeg 
neither confirmed nor refuted: premenstrual-like syndrome, cataracts, changes 
in libido, chorea, changes in appas, cystitis-like syndrome, headache, ner- 
vousness, dizziness, hirsutism, loss of hair, erythema multiforme, erythema 
nodosum, hemorrhagic eruption, vaginitis, porphyria, impaired renal function. 
Information for the Patient (See Patient Package Insert) 


are better than one. 
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ESCRIPTION 

destin 15/30 Products are progestogen-estrogen combinations. 

NDICATION AND USAGE 

oestrin 15/30 Products are indicated for the prevention of pregnancy in women who elect to 
$e oral contraceptives. 

Gn clinical trials with Loestan 15/30 involving 17.139 theraoy Cycies, there was a pregnancy 
te of 0.49 per 100 woman years. 

D Se-related risk of thromboembolism from orai contraceptives: Studies have shown a 
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Cigarette smoking increases the risk of serious cardiovascular side effects from 
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more cigarettes per day) and is quite marked in women over 35 years of age. 
Women who use oral contraceptives shouid be strongly advised not to smoke. 

-Fhe use of oral contraceptives is associated with increased risk of several serious 

“Conditions including thromboembolism, stroke, myocardia’ infarction, hepatic adenoma, 
‘Qallbiadder disease. and hypertension. Practitioners prescribing oral contraceptives 
“should be familiar with the following information relating to these risks. 





o 1. Thromboemboiic Disorders and Other Vascular Problems: An increased risk of thromboem- 
Glic and thrombotic disease associated with the use of oral contraceptives s well- 
Stablished. Studies have demonstrated an increased nsk of fatal and nantata! venous throm- 
oembolism and stroke, both hemorrhagic and thrombotic. 

Cerebrovascular disorders: In a collaborative study m women with and without predisposing 
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“amount of smoking is also an important factor 
Risk of dose: in an analysis of data, British investigators concluded that the sk of throm- 
‘boembolism including coronary thrombosis is directly related to the dose of estrogen used in 
ral contraceptives, however, the quantity of estrogen may not be the sole tactor involved 
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Ory System is Concentrated in older women, in those with a long duration of use. and inc-ga- 
ette smokers. 
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oxemia, and especially by cigarette smoking. 
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A tourfold to sixfold increased risk of postsurgery thromboembolic complications has been 
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mobilization. 
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een associated with the use of oral contraceptives. Discontinue the oral contraceptive if there 
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n humans, an increased risk of endometrial carcinoma associated with the proionged use of 

genous estrogen in postmenopausal women has been reported. However, there 5 no 
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of progestogen-only oral contraceptives. 

tudies found no evidence of increase in breast cancer in women taking oral contraceptives: 
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here is no confirmed evidence of an increased risk of cance: associated with orai contra- 
eptives. Close clinical surveillance of users is, nevertheless, essential. in cases of un- 
gnosed persistent or recurrent abnormal vaginal bleeding. appropriate diagnostic measures 
utd be taken to rule out malignancy. Women with a strong ‘amily mstory of breast cancer, or 
no have breast nodules, fibrocystic disease, or abnormal mammograms, should be monitored 
ith particular care. 
» Hepatic Tumors: Benign hepatic adenomas have been found to be associated with ora! 
itraceptives. Because hepatic adenomas may rupture and may cause death through 
ra-abdominal hemorrhage. they shouid be considered in women presenting abdominal pain 

‘tenderness, abdominal mass, or shock. 

‘few cases of hepatocellular carcinoma have been reported in women taking ora! contra- 
eptives. The relationship of these drugs to this type of malignancy is not known at this time. 

$: Usage in or Immediately Preceding Pregnancy. Bath Detects in Citspring, and Malignancy in 
Me Offspring: During early pregnancy. female sex hormones may seriously damage the 

pung. 

ninereased nsk of congenital anomalies, including heart defects and limb defects, nas 

in feported with the use of oral contraceptives in pregnancy 
here is some evidence that tiploidy and possibly other types of polyploidy are increased 
mong abortuses from women who become pregnant soon after ceasing oral contraceptives. 

Pregnancy should be ruled out before continuing an oral contraceptive in any patient whe 
iS missed two consecutive menstrual periods. iH the patient has not adhered to the schedule. 

he possibility of pregnancy should be considered at the time of the hrst missed pernod. and oral 

contraceptives should be withheld until pregnancy has been ruled out. if pregnancy is con- 
armed, the patient should be apprised of the potential risks to the fetus and the advisability of 
continuation of the pregnancy should be discussed. 

















Women who discontinue oral contraceptives with the intent of becoming pregnant should 
use an alternate form of contraception for a penod of time before attempting to conceive. 

Admunistration of progestogen-only or progestogen-estrogen combinations to induce 
withdrawal bleeding should not be used as a test of pregnancy. 

6. Galibiaader Disease: Studies report an increased risk of surgically confirmed gallbladder 
disease in users of oral contraceptives. 

? Carbohydrate and Lipid Metabolic Effects: Because decreased glucose tolerance has been 
observed in a significant percentage of patents, prediabetic and diabetic patients shouid be 
carefully observed while receiving oral contraceptives. 

An increase in tighycerides and total phospholipids has been observed. 

8. Elevated Blood Pressure: An increase in blood pressure has been reported in patients 
receiving oral Contraceptives. The prevalence in users increases with longer exposure. Age is 
aiso strongly correlated with development of hypertension. Women who previously have had 
hypertension during pregnancy may be more likely to develop elevation of blood pressure 

9 Headache Onset or exacerbation of migraine or development of headache of a new 
pattern which is recurrent, persistent, or severe, requires discontinuation of oral contraceptives. 

10. Bleeding Irreguiarilies: Breakthrough bleeding. spotting, and amenorrhea are frequent 
reasons for patients discontinuing oral contraceptives. in breakthrough bleeding, nonfunctional 
causes should be borne in mind. In undiagnosed abnormal bleeding from the vagina. adequate 
agnostic measures are indicated to rule out pregnancy of malignancy. 

Women with a past history of oligomenorrhea or secondary amenorrhea. ar young women 
without regular cycles should be advised that they may have a tendency to remain anovulatory 
orto become amenarrheic atter discontinuation of oral contraceptives. 

14 Ectopic Pregnancy Ectopic as well as intrauterine pregnancy may occur in contraceptive 
failures. 

12. Breast Feeding Oral contraceptives may interfere with lactation. Furthermore, a smali 
fraction of the hormonal agents in oral contraceptives has been identified in the milk of mothers 
receiving these drugs. 

PRECAUTIONS 
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contraceptives. The pretreatment and penodic physical examinations shouid include speciai 
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smeat and relevant laboratory tests. As a general rule, oral contraceptives should not be 
prescribed for longer than one year without another examination. 

Z Preexisting uterine leiornyomata may increase in size. 

3.Pavents with a history of psychic depression should be carefully observed and the drug 
dscontinued if depression recurs to a serious degree. 

“4 Orai contraceptives may Cause fluid retention and should be prescribed with caution, and 
oniy with careful monitoring, in patents with conditions which might be aggravated. 

5. Patents with a past history of jaundice during pregnancy have an increased nsk of 
recurrence of jaundice If jaundice develops. the médication should be discontinued 

&. Steroid hormones may be poorly metabolized and should be administered with Caution in 
patients with impaired iver function. 

7 Users may have disturbances in normal tryptophan metabolism, which may result ina 
relative pyndoxine deficiency. 

8 Serum folate levels may be depressed 

9. The pathologist should be advised of orai contraceptive therapy when relevant specimens 
are Submitted 

10. Certain endocrine and liver function tests and blood components may be affected. 
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IX, and X: decreased antithrombin 3: increased norepinephrine induced platelet aggregability 
ic} increased thyraid-binding globulin (TBG) leading to increased circulating total thyroid 
hormone. (d) Decreased pregnanediol excretion. {e} Reduced response to metyrapone test 
Drug interactions: Reduced efficacy and increased incidence of breakthrough bleeding have 
been associated with concomitant use of nfampin and an association has been suggested with 
barbiturates, phenylbutazone, phenytoin sodium. and ampicillin 
ADVERSE REACTIONS 
An increased nisk of the following serious adverse reactions has been associated with oral 
contraceptives 

Thrombophiebitis; Pulmonary embolism: Coronary thrombosis: Cerebral thrombosis: 
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Neuro-ocular lesions, eg. retinal thrombosis and optic neuritis. 
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Special Notes on Administration 

Loestan 1.5/30 11.5 mg norethindrone acetate and 30 mcg ethiny! estradiol tablets, 
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tor There are patients whose inherent hormone balance will require larger amounts of estrogen 
(han that contained in Loestun 13/30 to achieve cyciic regularity These patents experience 

altered bleeding patterns. which do not conform to treatment schedules. 

The physician should be alert to the tact that the iregular bleeding patterns could mask 
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HOW SUPPLIED 
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compacts and packages of five refills. 
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Measure of contraction strength in labor: 


A retrospective, off-line study of the relationship of the area under the intrauterine pressure 
waveform (Area) to amplitude was performed on contractions from patients in normal labor and 
hypocontractile labor before and during oxytocin therapy. A linear correlation of Area and amplitude 
can be identified in the study of large numbers of contractions. Unfortunately, the wide scatter of the 
values of either measure for a narrow range of values of the other precludes the use of Area as a 
Clinically useful aid in assessing hypocontractility or oxytocin response from small numbers of 
contractions. (AM. J. OBSTET. GYNECOL. 138:727, 1980.) 


THE EVALUATION of uterine contractility is one of 


several important diagnostic measures used to select 
treatment in patients in whom labor fails to achieve 


adequate rates of dilatation or descent. The area under 


oe the curve of the intrauterine pressure waveform (Area) 
has been. suggested as an acceptable substitute for the 
“more | traditional parameters, amplitude and repetition 
frequency, and calculation of Montevideo units.'~4 
hese proposals have surfaced because of the relative 
ot technical simplicity required to obtain measure of the 
= -amaplitude, repetition frequency, and calculation of 
a i $ Montevideo units has not been achieved by a clinically 
oS “useful method. 
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Area. oe Tie contrast, objective on- -line measurement of 


The purpose of this study was to compare the Area 
with amplitude as measures of uterine contraculity in 
normal labor and hypocontractile labor before and- 
during oxytocin treatment. Our interest was stimulated 
by observations that contractions of equal amplitude 
had dissimilar waveform characteristics in different 
clinieal sets.” Furthermore, the duration of contraction, 
an important determinant of Area, had a curvilinear 


relationship to amplitude, approaching an asymptote 


with contractions exceeding 40 mm Hg” If ouro 
findings were valid, contractions of equal amplitudes in 
diverse clinical sets may have different Areas. Such | 
possibilities would alter the clinical utility of Area, and 
suggest that a thorough examination of this measure 
should precede the incorporation of it into commer- 
cially available labor monitors. 


Material and methods 

The methods used are identical to those reported," 
with the following changes: (1) the threshold for the 
rate of pressure change used Joigenity the start and 
end of a contraction ya 1 d 
Hg- s~; (2) the ofan 
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Fig. 1. Oscillographic display of Area (AR) in mm Hg s units (scale = 0-5,000) and amplitude in 
mm Hg (scale = 0-100). R = linear coefficient of correlation; A = slope; B = Y intercept. Top: Nor- 


mal labor. Bottom: Hypocontractile labor. 


hitered in an attempt to-remove unwanted pressures 
produced by striated muscle activity [$ db at 0.07 Hz): 
(3) the area for each contraction was calculated by mea- 


suring the intrauterine pressure at each succeeding 


second, averaging each pair of successive pressure val- 
ues, subtracting the initial pressure from each average, 
and summing the remainders; and (4) the period for 
each contraction is the number of seconds between the 


maximum amplitude of that contraction and the max- 


imum amplitude of the antecedent contraction, 
The 21 normal patients were in. the acceleration or 
active phase of labor with. normal rates of dilatation; 


they had received no medication other than drug 
analgesia, and provided 819 contractions for study. 
The 12 patients with hypocontractile labor manifested 
arrest of dilatation in the active phase of labor. The 
maximum dose of oxytocin used was 4mU per minute 
or less in nine patients, 5.5 mU/min in two, and 15 
mU/min in one. The arrest of dilatation in the patients 
with hypocontractility was not associated with regional 
anesthesia or drugs, such : as MgSO; and an adequate 
dose of oxytocin resulted in nor mal rates of dilatation 
and vaginal delivery. The 724 contractions included in 
this group were obtained from the initiation of moni- 
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toring to the end of the first stage of labor and included 
215 contractions prior to and 509 contractions during 
the administration of oxytocin. 


Results 


The data for amplitude, period, Area, and Mon- 
tevideo units (Table I) indicate that the inclusion of 
many contractions associated with failure of labor to 
progress results in reduced mean values for amplitude 
and elevated values for the period. Photographs of the 
oscillograph display of the X/Y plots of Area and 
amplitude demonstrate the wide range of values for 
either parameter for any selected value of the other 
(Fig. 1). 

Segregation of the data by 10 mm Hg class intervals 
of the amplitude (Table II) demonstraies that, for con- 
tractions 215 mm Hg, there are no differences in the 
mean Area:amplitude relationship between normal 
and hypocontractile labor, and Area increases with in- 
creasing amplitude. The class interval of contractions 5 
to <15 mm Hg has greater Area and duration in 
hypocontractile labor. The prolongation of weak con- 
tractions in hypocontractile labor has been described 
previously’ and results in the larger Area. In the cass 
interval of contractions =65 mm Hg, the contractions 
are shorter, the results of shortened start-up time when 
the uterus is overstimulated with oxytocin.’ 


Comment 


These data demonstrate that when -arge numbers of 


contractions are examined, amplitude and the zrea 
under the pressure waveform appear to have a linear 
relationship as suggested by the coefficients of correla- 
tion (Fig. 1) However, study of the data for small 
ranges of the amplitude (Table II) reveals large devia- 
tions of the Area values. The frequency distributiors of 
the Area for three noncontiguous class intervals of the 
amplitude illustrate this wide scatter (Fig. 2). The ina- 
bility of Area values to predict amplitude can be as- 


sessed in practical terms by estimating the probabilities 


of selecting class-interval values of the amplitude from 
a specific range of Area values. For example, with use 
of the data for the number of contractions in each class 
interval from Table II and the frequency distribution 
values in Fig. 2, the odds that a contraction with an 
Area value of 2,000 to 2,400 mm Hg: s will fall into 
the amplitude class intervals of 55 to <65, 35 to<45, or 
15 to <25 mm Hg are 2.9: 4.4: 1.0, respectively. For an 
Area value between 2,400 and 2,800 mm Hg > s, the 
odds are 15:6: 1. 


The average Area does increase as the average’ 


amplitude increases. The sum of the Areas of large 
numbers of consecutive contractions does provide an 
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Fig. 2. Area frequency distributions (by %) grouped in bin- 
widths of 400 mm Hg > s for each of three class intervals of 
the amplitude, 15 to <15, 35 to <45, and 55 to <65 mm Hg. 
Note that the mode group of Area values for each class inter- 
val of the amplitude never exceeds 33% or 34% of the total 
popalation, and the marked overlapping of the Area values 
for -hese noncontiguous class intervals of the amplitude. 


Normal labor | Hypocontractile labor 
(average + SD) (average + SD) 


Table I 


Amplitude (mm Hg) 42 + 19 35 + 20 
Period (s) i 144 + 76 163 + 95 
Arez (mm Hg <s) 2,154 + 1,001 2,007 + 1,050 
Mortevideo units 203 + 137 167 + 146 
Duration (s) 69 + 22 66 + 23 


estimate of the force generated by the uterus, as will 
the sum of the amplitudes.’ Unfortunately, the vari- 
ability of the Area values for any small range of 
amplitudes precludes the use of Area for identifying 
ute-ine hypocontractility or for prompt recognition of 
appropriate responses to oxytocin from small numbers 
of consecutive contractions. The latter is illustrated by 
Bezzlev,” who administered oxytocin for the purpose 
of inducing labor by doubling the dose each half-hour 
until the Area values identified the plateau of uterine 
response. he maximum dose administered was two to 
four times that necessary, thus illustrating the in- 
efficient identification of the quality of uterine con- 
tractility by Area measurement. 

If the purpose of quantitation of contraction 
strength is to recognize hypocontractility and to restrict 
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Table II 

















Class-interval Area, 
amplitude No. of mm Hgs Duration, $ 
(mm Hg) contractions | (average + SD) (average) 





5-<15 102 596 + 464 29.7 
15-<25 61 1,374 + 515 -56.0 
25-<35 113 1,770 + 602 69.0 
35-<45 154 2,120 + 641 73.5 
45-<55 170 2,535 + 677 78.3 
55-<65 135 2,800 + 579 81.3 

=65 84 3,396 + 704 83.6 









Area, 
No. of mm Hgs Duration, s 
contractions | (average + SD) | (average) Duration 
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144 907 + 538 39.3 0.001 0.001 
117 1,527 + 586 62.0 NS NS 
115 1,885 + 745 70.2 NS NS 
119 2,303 + 698 76.8 NS NS 
110 2,495 + 814 76.2 NS NS 
59 2,942 + 940 77.8 NS NS 
60 3,415 + 1,018 77.1 NS 0.01 





the dose of oxytocin to that necessary minimum which 
will achieve uterine forces found in progressive first- 
stage labor from the analysis of several successive con- 
tractions, it is obvious that Area is less useful than 
amplitude, and should not be used to repace amplitude 
despite the ease of quantitation. What is needed are 
investigations to determine whether on-line quantita- 


tion of uterine contractility, with the use of traditional 
measures, can identify the minimal dose of oxytocin 
necessary to restore normal contractility more effi- 
ciently than the current practice of the visual scanning 
of many feet of oscillograph paper and estimating the 
quality of the “contractile pattern.” 
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Automated erythrocytopheresis for sickle cell anemia 
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Automated erythrocytopheresis allows fer selective removal of erythrocytes from whole blood by 
means of extracorporeal centrifugation and separation. Remaining cellular and liquid fractions are 
returned to the patient, along with donor erythrocytes. Supertrancfusion with the use of 
plasmapheresis and simultaneous direct transfusion of erythrocytes increases the hematocrit while 
maintaining stable intravascular volume. This technique was used in the prophylactic exchange 
transfusion in eight pregnant women with sickle hemoglobinopathies. Two pétients required repeat 
procedures 7 and 13 weeks later for hemoglobin A concentration or hematocrit less than 25%. The 
results from the first five pregnancies are detailed. All pregnancies were carried to term, with the 
delivery of healthy infants. There was no fetal or neonatal morbidity, and the only maternal morbidity 
was a case of puerperal endometritis. Erythrocytopheresis has b2en established as a flexible and 
useful means of managing gravid patients with sickle hemoglobinSpathies. (AM. J. OBSTET. GYNECOL. 


138:731, 1980.) 


THE PROPHYLACTIC use of partial exchange trans- 
fusion in pregnant patients with sickle hemoglo- 
binopathies appears to improve both maternal and 
fetal outcome.! Blood rich in hemoglobin (Hb) S is re- 
moved and replaced with Hb A containing erythro- 
cytes. The procedure can be used not only to replace 
cells which contain Hb S and are likely to undergo sick- 
ling, but also to elevate hematocrit and Hb A and to 
suppress the production of bone marrow of cells con- 
taining Hb S. 

Published protocols’ * outline a manual exchange of 
whole blood phlebotomized from the patient with 
packed, washed erythrocytes. The technique has proved 
to be effective but is time consuming, tedious, and 
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technically cumbersome and requires a minimum hos- 
pitalization of 48 hours. The procedure calls for in- 
travascular expansion with isotonic alkalinizing solu- 
tions prior to phlebotomy. The blood withdrawn and 
discarded includes both cellular and liquid fractions. 
Discarded along with the Hb S—containing erythro- 
cytes are leukocytes, thrombocytes, plasma, and various 
humoral factors responsible for coagulation and im- 
munolagic competence. 

Automated erythrocytopheresis is a technique by 
mezns cf which erythrocytes can be selectively removed 
from whole blood with the use of extracorporeal, dif- 
ferential, centrifugal cell separation. Plasma and re- 
maining cellular blood components are returned to the 
patent's circulation, along with an infusion of packed, 
washed, buffycoat-poor donor erythrocytes, while bal- 
anced withdrawal and return rates are maintained. 
Thus, blood volumes can be electronically controlled so 
tha: the patient is protected from hypervolemia or 
hypovolemia. Erythrocytopheresis can be performed as 
an Dutvatient procedure. This preliminary report de- 
tails our experience with 10 procedures in eight preg- 
nant women and demonstrates the efficacy of the 
exchar.ge in increasing Hb A concentration arid hema- 
tocrit. 
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Fig. 1. Schematic diagram of erythrocytopheresis with use of an IBM 2097 Blood Cell Separator. See 


text for explanation. 


Material and methods 

Between March 21, 1979, and November 1, 1979, 
eight pregnant patients with clinically significant sickle 
hemoglobinopathies were managed at the Medical 
University of South Carolina. All patients were man- 
aged prospectively and by protocol. Detailed counsel- 
ing was provided and informed consent was obtained. 

All patients were hospitalized on the day of the pro- 
cedure. A battery of laboratory studies was performed 
before and after each procedure (Table 1). Total blood 
and erythrocyte volumes were calculated on the basis of 
surface area. _ l 

Erythrocytopheresis was performed with the use of 
an IBM 2997 Blood Cell Separator* altered for this 
specific purpose. 

The procedure was performed as indicated in Fig. 1. 


*IBM Corporation, Biochemical Operations, Princeton, 
New Jersey. 


Whole blood was removed from the patient by phle- 
botomy at a controlled rate of 15 to 60 ml/min (A) and 
anticoagulated with ACD-A* solution (B). The whole 
blood was centrifuged at 600 to 1,000 rpm in a special 
chamber (C) which allowed for constant port sampling. 
The separated erythrocyte pool was removed and dis- 
carded after weighing (D and E). The plasma, leuko- 
cytes, and thrombocytes were combined (Fj) and placed 
in a return circuit (H) by way of a roller pump (G). 
An infusion of washed, buffy coat—poor, HB A~ 
containing erythrocytes was added to the return cir- 
cuit.by way of another roller pump (/). Phlebotomy 
flow and return infusion rates were electronically bal- 
anced by paired solenoid valves placed on each line (J). 
The returned blood was warmed to body temperature 


*Anticoagulant citrate-dextrose solution—Formula A, 
Fenwal Laboratories, Division of Travenol Laboratories, 
Deerfield, Illinois. : 
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Fig. 2. Changes in concentrations of hemoglobins A and S 
related to blocd volume processed in first three patients who 
underwent erythrocytopheresis. 


(K) prior to infusion (M). Direct transfusions were 
added terminally (L). Plasma could be removed selec- 
tively and discarded by diverting the plasma fraction 
away from return pumps (N). 

Each patient was evaluated prior to the procedure, 
and the blood volumes to be processed were pre- 
determined on the basis of hematocrits, blood volumes, 
and Hb S concentrations. Supertransfusion that uti- 
lized direct terminal erythrocyte transfusion and simul- 
taneous plasma withdrawal was used to elevate the he- 
matocrit while maintaining static total intravascular 
volume. 

Samples of blood were obtained serially throughout 
the procedure and analyzed for hemoglobin concen- 
tration, hematocrit, and hemoglobin electrophoretic 
pattern. 

Soon after prenatal care was begun, the initial ervth- 
rocytopheresis was performed. All patients were fol- 
lowed up in a high-risk, hematology subspecialty clinic 
with serial hemoglobin concentrations, hematocrits, 
and hemoglobin electrophoreses. The procedure was 
repeated if the hematocrit or the Hb A concentration 
fell below 25%. High-risk obstetric monitoring with 
fetal stress and nonstress testing and determination of 
plasma estriol was performed at the discretion of the 
responsible physician. All pregnancies were allowed to 
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Fig. 5. Changes in hematocrits related to blood volume pro- 
cessed in first three patients who underwent erythro- 


` cytopheresis. 


Table I. Laboratory studies performed before and 
after each erythrocytopheresis 





Complete blood count 

Platelet count 

Hemoglobin electrophoresis 
Serum haptoglobin 

Electrolytes 

Sequential multiple analyzer 12/60 
Creatinine 

Serology for syphilis 

Serology for hepatitis B antigen 
Prethrombin time’ 

Partial thromboplastin ume 
Fibrinogen 

Indirect and direct Coombs tests 
Urinalysis 





progress to term unless such a course was contraindi- 
cated bv fetal or maternal factors. The mode of deliv- 
ery was determined from obstetric indications. 


Results 


Ten erythrecytophereses were performed on eight 
patients (Table II). Seven patients were homozygous 
for Hb S, and one patient was heterozygous for both 
Hb 5 and Hb ©. The gestational age at the time of the 
first ervthrocytopheresis varied from 17 ta 30 weeks. 
Two patients who underwent initial erytrocytophereses 
at 17 and 18 weeks’ gestation required exchanges 7 and 
13 weeks later. In the other six patients, a single eryth- 
rocrtopheresis was used during the gestation. 

Table II outlines the changes effected in each proce- 
dure. In seven cases, the hematocrit was significantly 
(p < 0.01) increased by the procedure. The initial he- 
matocrit of 33.1% in Case No. 8 changed only mini- 
mally. The other two patients (Cases Nos. 5 and 6) 
received only a single unit of blood by terminal direct 
transfusion. All patients experienced significant in- 
creases in Hb A concentrations. After the automated 
exchange, all patients had Hb A concentrations above 
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Table II. Hematologic changes resulting from erythrocytopheresis 


Hemoglobin electropheresis pattern 














Before procedur 
Case Gestational Before After fore Pr : ed saad 
l. 28 24.4 31.0 0 2 92 6 0 73 2 25 0 0 
2. 28 26.0 36.0 0 l 83 16 0 60 l 39 0 0 
3. 28 23.0 27.8 0 2 93 5 0 64 2 34 0 0 
4.* 17 21.2 28.0 0 2 84 14 0 65 I 34 0 0 
5.1 18 26.7 27.7 0 2 70 28 0 69 2 29 0 0 
6. 30 26.6 24.5 0 2 89 9 0 51 2 47 0 0 
T: 24 18.5 28.0 0 2 92 6 0 68 2 30 0 0 
8, 29 33.1 33.8 0 0) 47 3 50 56 9 22 9 22 
9. 31 26.2 32.1 21 2 68 9 0 70 2 23 5 0 
10. 24 23.6 35.8 22 2 76 0 0 70 2 28 0 0 





*Case No. 4 had a repeat exchange 7 weeks later, which is represented as Case No. 7. 
+ Case No. 5 had a repeat exchange 13 weeks later, which is represented as Case No. 9. 


Table II. Fluid volume and erythrocyte changes resulting from erythrocytopheresis 












































Calculated | Calculated | Erythrocyte | Erythrocyte | Plasma Erythrocyte Crystalloid Net Net 
Case blood erythrocyte volume volume volume | volume directly volume erythrocyte | volume 
No. volume volume removed removed transfused infused change change 





I. 3,750 1,087 1,520 1,553 780 473 2,150 +506 +1,876 
2. 3,825 995 870 910 800 625 475 +665 +340 
3. 4,150 955 1,100 1,067 700 690 620 +657 +577 
4,* 3,878 814 875 875 537 537 435 +537 +435 
5.7 3,825 1,021 480 1,040 332 262 435 +822 +435 
6. 5,300 1,378 1,418 1,418 330 . 330 570 +330 +570 
de 3,950 730 940 945 1,525 1,363 750 + 1,369 +594 
8. 3,875 1,314 1,578 1,577 1,183 605 595 +604 +16 
9. 3,925 1,028 1,500 1,500 1,000 625 615 +625 +240 


10. 3,725 857 1.187 1,187 1,065 596 465 +596 —4 


*Case No. 4 had a repeat exchange 7 weeks later, which is represented as Case No. 7. 
t+Case No. 5 had a repeat exchange 1% weeks later, which is represented as Case No. 9. 


50%, and all but two had Hb A concentrations but there was no significant change in hematocrit. 
above 60%. Each procedure required 6 to 8 U of eryth- Case No. | had a positive change in net volume of 
rocytes, 1,876 ml with some 2,150 ml infused as crystalloid. 
Hematocrits from the waste erythrocyte pool íE in Later analysis identified this potentially dangerous 
Fig. 1) ranged from 70% to 80%. Conversely, the calcu- problem, and steps were taken to restrict this volume to 
lated hematocrits of the “blood” returned to the patient the necessary minimums required for priming, antico- 
ranged from 52% to 55%. agulation, lubrication, and maintenance of intravenous 
The dynamics of the procedure are shown in Table lines. Subsequently, an average change in net volume 
III. The erythrocyte volume removed correlated with of 503 ml occurred. 
the change effected in the hemoglokin electrophoretic Changes in net volume are dependent on multiple 
pattern. The volume of terminal erythrocyte transfu- variables, including the volumes removed and infused 
sions and the volume of plasma removed (super- throughout the procedure and the extent of super- 
transfusion) correlated with the change in hematocrit. transfusion (direct transfusion plus removal of 
All patients, except Case No. 5, had erythrocyte vol- plasma). Also, infusions of crystalloid may effect sig- 
umes removed and replaced by almost equal volumes nificant changes in net volumes, as in Case No. 1. The 
of Hb A-containing erythrocytes. In Case No. 5, the disparity between the effective hematocrit of the blood 
erythrocyte volume replaced was 210% of that removed, removed and that of the blood replaced favors a net 
and‘a single unit of erythrocytes was transfused termi- positive change in intravascular volume. 


nally. Excellent Hb A concentration was achieved (69%), There were no adverse reactions during the proce- 
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Fig. 4. Serial changes in hemoglobin A concentration ir six patients who underwent eryth- 
rocytopheresis. 
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Fig. 5. Serial changes in hematocrit in six patients who underwent erythrocytopheresis. 
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dure. All patients remained comfortable and had stable 
vital signs. One patient (Case No. 1) diuresed briskly 
after the fluid overload previously discussed. 

No significant change or trend was demonstrated on 
evaluation of coagulation profiles, electrolytes, and 
calcium and serum protein concentrations. All patients 
entered the protocol with negative indirect Coombs 
tests. One patient (Case No. £ later demonstrated 
multiple warm and cold antibodies that were thought 
to have been present. prior to the original eryth- 
rocytopheresis but undemonstrated. She hemolyzed 
the administered cells over a period of 14 days and 
underwent a second erythrocytopheresis 7 weeks later. 

Fig. 2 illustrates the changes in concentrations of Hb 
A and Hb S which occurred during the first three pro- 
cedures. There appeared to be an initial latent phase 
during the processing of the first 1,000 ml of blood. 
The concentrations of Hb A and Hb S remained static 
during that phase. Fig. 3 reveals that, in these same 
cases, a significant drop in hematocrit was noticed si- 
multaneously. This phenomenon was thought to be 
secondary to the loss of 250 to 300 ml of erythrocytes 
required to fill the reservoir of the IBM Blood Cell 
Separator. The patients intravascular volume re- 
mained stable but the erythrocyte volume fell, as shown 
in Fig. 3. After the latent phase, the efficacy of the 
procedure resulted in rapid exchanges of Hb S cells 


with cells rich in Hb A. The addition of terminal trans- 


fusion and plasma removal (supertransfusion) resulted 
in terminal elevation of hematocrit. 

Six patients were followed long enough to demon- 
strate the decay of Hb A concentration and hematocrit 
(Figs. 4 and 5). Hematocrits remained relatively stable, 
whereas Hb A concentrations gradually fell from the 
time of the procedure, as anticipated from the known 
half-life of transfused blood. At zpproximately 7 to 9 
weeks, the rate of decay of Hb A concentration ap- 
peared to increase, possibly reflecting the re-emergent 
production by bone marrow of cells containing Hb S. 
As previously described, only two patients required re- 
peat procedures because of a significant fall in either 
Hb A concentration or hematocrit. . 

Initial erythrocytophereses required 3 hours and 
constant physician attendance, but with increased ex- 
perience, physician time was minimized. More recent 
exchanges have required approximately 1.5 hours. 

Delivery has occurred in five of the eight pregnan- 
cies. All infants were born at term, and no pregnancies 
were interrupted for maternal or fetal indications. The 
weight of the infants ranged from 3,015 to 3,171 
grams, with a mean of 3,111 grams. All infants had 
Apgar scores of 7 to 10 at 5 minutes, enjoyed normal 
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hospital courses, and were discharged with their 
mothers. 

The duration of hospital confinement for the five 
completed pregnancies, including erythrocytopheresis 
and delivery, varied from 5 to 10 days. If the normal 
anticipated stays for vaginal and cesarean deliveries are 
excluded, the confinements related to the hemoglo- 
binopathy ranged from 2 to 4 days, with a mean of 3.4 
days. 

Two patients experienced mild peripartum compli- 
cations. A single pregnancy was associated with light 
meconium staining during spontaneous labor at 41 
weeks’ gestation, and a single patient had mild puer- 
peral endometritis subsequent to vaginal delivery. 


Comment 


Traditionally, sickle cell anemia and its severe vari- 
ants are associated with high perinatal mortality rates 
and increased risk of maternal morbidity and mortal- 
ity. 6 Pregnancy increases the risks of crisis, toxemia, 
and infection end may lead to long hospital con- 
finements. Fetal welfare is jeopardized by high abor- 
tion rates, growth retardation, and prematurity. Preg- 
nancy places physiologic demands on a pathologically 
compensated individual, resulting in deterioration of 
most organ systems. 

Automated erythrocytopheresis has advantages over 
manual exchange transfusions in that blood volumes 
may be controlled, hematocrits selectively increased, 
and Hb A concentrations greater than 60% achieved 
through an outpatient procedure. Each patient’s spe- 
cific hematologic needs may be evaluated, and the pro- 
cedure tailored to deliver the desired results. 

Refinements in the procedure have been made, the 
use of maintenance fluids minimized, and the use of 
supertransfusion maximized to maintain static in- 
travascular volumes and to improve hematocrits. Also, 
the utilization of time has been streamlined so that 1.5 
hours are now required to set up the blood cell 
separator, perform the erythrocytopheresis, and su- 
pertransfuse. l 

Clinically, the initial pregnancy outcomes support 
the efficacy of the procedure in improving the patho- 
logic state in sickling disorders and. in leading to im- 
proved perinatal and maternal outcomes. Although the 
procedure has been used in only eight patients, it may 
lead to reduced hospital confinement, fewer simple 
transfusions, and elimination of other supportive 
therapies used in managing sickle cell anemia in preg- 
nancy. The preliminary results are encouraging, but 
further clinical and laboratory evaluations are neces- 
sary before the place of erythrocytophoresis in the 
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management of pregnant. patients with sickling hemo- 
globinopathies can be established. . 


We gratefully acknowledge the assistance of Kath- 
leen Reynolds and Betsy Gwynette in the: immu- 
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nohemotherapeutics laboratory i in setting up the pro- 
tocol and perf. orming the procedures. 
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Prolactin and the renin-aldosterone axis in 


human pregnancy 
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In view of observations sug¢esting an osmoregulatory role for prolactin (PRL) and the central role of 
the renin-aldosterone system in the regulation of pressure-volume homeostasis, this study was 
undertaken to determine whether acute drug-induced alterations in circulating PRL nad any effect 
on mean arterial blood pressure (MAP), serum osmolality, and the renin-aldosterone response 
during early pregnancy. Bromocriptine suppressed mean baseline PRL by 83% (p > 0.05), whereas 
chlorpromazine increased it nore than twofold (p < 0.05) during a 180-minute study period. MAP, 
mean serum osmolality, plasma renin activity, and aldosterone concentrations were not significantly 
different from mean baseline values after the administration of either drug. These data suggest that, 
during early pregnancy, the renin-aidosterone axis is independent of PRL and resistant to the 
beta-adrenergic agonist effect of chlorpromazine. (Am. J. OBSTET. GYNECOL. 138:738, 1980.) 


PROLACTIN (PRL) may be involved in the control of 
fluid exchange across the amniotic membrane.” ? Es- 
tradiol and testosterone affect specific PRL binding in 
the kidneys and adrenal glands, thus suggesting that 
gonadal steroids participate in the PRL osmoregulatory 
system in the rat. PRL receptors are present in the 
ependyma of the rat choroid plexus, thus suggesting 
involvement of PRL in the composition of cerebrospi- 
nal fluid.* Disordered secretion of PRL has also been 
described in disturbances of fluid and electrolyte me- 
tabolism associated with ovulation,® ë hypertensive dis- 
orders of pregnancy,’ and congestive heart failure.® In 
view of these observations and the central role of the 
renin-aldosterone system in the regulation of pres- 
sure-volume homeostasis, this study was undertaken to 
determine whether acute drug-induced alterations in 
circulating PRL had any effects on arterial blood pres- 
sure, serum osmolality, and the renin-aldosterone re- 
sponse during pregnancy. 
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Material and methods 


The five women receiving bromocriptine (5 mg 
orally) had a mean age of 21.4 years (range, 19 to 23 
years) and mean gestational age of 13 weeks (range, 9.5 
to 18.5 weeks). The five women receiving chlor- 
promazine (50 mg intramuscularly) had a mean age of 
20.4 years (range, 19 to 23 years) and mean gestational 
age of 12.7 weeks (range, 9.5 to 17.7 weeks). All sub- 
jects who were later to have therapeutic abortions gave 
informed consent, were free of dietary restrictions, 
were not receiving medications, and were free of physi- 
cal signs of disease. All studies were conducted in hos- 
pital, commencing between 0700 and 0900 hours, with 
the subjects in the supine position and having received 
nothing by mouth from midnight until completion of 
the study. The drugs were administered by the routes 
stated earlier, immediately after the second zero time 
sample was obtained through an indwelling cannula 
placed in an antecubital vein. Zero time data were a 
mean of two samples obtained 15 minutes apart. 
Plasma renin activity (PRA) was assayed by the tech- 
nique of Haber and associates? (Dr. G. E. Wilkins, 
St. Paul’s Hospital, Vancouver, British Columbia, 
Canada), and aldosterone was measured by radioim- 
munoassay (London Biochemical Reference Labora- 
tory, London, Ontario, Canada). PRL was measured by 
radioimmunoassay, and the PRL data were previously 
reported.'!® Mean arterial blood pressure (MAP) = 
systolic BP + (diastolic BP x 2) 

3 
molality was measured by the Division of Clinical 


mm Hg. Serum os- 
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Chemistry, Department of Pathology, Vancouver Gen- 
eral Hospital. Data were analyzed by one-way analysis 
of variance for overall statistical significance, and the 
mean from each sampling interval was compared to 
that of the baseline, with the use of Dunnett’s test as 
described by Winer." 


Results 


The results are shown in Fig. 1. After bromocriptine, 
mean baseline PRL concentrations declined from 60 + 
24 (SEM) ng/ml to 10 + 3 ng/ml, 17% of baseline. This 
difference was not significant (p > 0.05). After chlor- 
promazine, mean PRL was 53 + 10 ng/ml, increasing 
significantly (p < 0.05) between 60 and 120 minutes, 
with peak values of 124 + 16 ng/ml at 90 minutes. No 
significant differences in mean arterial blood pressure, 
PRA, aldosterone, and serum osmolality were observed 
after the administration of either bromocriptine or 
chlorpromazine. 


Comment 

During early human pregnancy, marked drug-in- 
duced alterations in maternal PRL concentrations 
failed to alter MAP, serum osmolality, or the renin- 
aldosterone system over a 3-hour study interval. In 
contrast to the nonpregnant state, chlorpromazine 
failed to significantly affect the renin-aldosterone axis 
during early pregnancy. The mean level of PRA (but 
not of aldosterone) was higher after chlorpromazine; at 
180 minutes, it was 65% above beseline, but this 
was statistically not significant. The ability of chlor- 
promazine to stimulate increases in circulating PRA 
and aldosterone in nonpregnant subjects has been at- 
tributed to the beta-adrenergic agonist effect of this 
: phenothiazine,’® > 1° although other possibilities, in- 


cluding stimulation of PRA by a centrally mediated . 


drug effect on the autonomic nervous system or 
directly via the adrenal medulla, have not been 
excluded.” In our experiments, twofold to fivefold 
higher doses of the drug were given intramuscularly, as 
compared to the doses administered intravenously by 
Robertson and Michelakis® in nonpregnant subjects. 
The effect of differing routes of administration of 
chlorpromazine on the results obtained in these studies 
is not known, and may be of little significance because 
the clinical effect by either route is immediate, with 
high levels detected in the blood at 1 hour and main- 
tained for 12 hours after an intramuscular injection of 
doses that we employed. in these experiments. 

The secretion of aldosterone from the adrenal 
glomerulosa appears to be under maximal tonic do- 
paminergic inhibition, via mechanisms independent of 
the renin-angiotensin system. Bromocriptine is a 
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Fig. |. Plasma prolactin, mean arterial blood pressure, plasma 
renir act.vity, plasma aldosterone, and serum osmolality in 
women receiving bromocriptine (n = 5) and chlorpromazine 
(n = 5) in doses and routes of administration as noted. Except 
for prolactin at €0,90,and 120 minutes after chlorpromazine 
(p < 0.05), no significant differences were observed in all 
other values after either drug. $ 


spec: fic dopaminergic agonist which lowered mean ma- 
ternal plasma PRL levels to 17% of baseline. However, 
because of wide variation and a limited number of 
samples, this suppression was statistically not sig- 
nificant. Nevertheless, the drug achieved a reduction in 
mean PRL levels of 83%, without significantly affecting 
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MAP, mean serum osmolality, PRA, and aldosterone. 
This is also compatible with the belief that the maximal 
tonic dopaminergic inhibition of aldosterone secretion, 
which is thought to occur in the nonpregnant state," 
persists during early pregnancy. 

Our results, taken together with the findings re- 
viewed, suggest that, under the conditions of our 
experiments performed in early pregnancy, the re- 
nin-aldosterone axis is both independent of PRL and 
resistant to beta-adrenoreceptor stimulation. Aug- 
mented urinary excretion of epinephrine and norepi- 
nephrine,'® unaccompanied by increased circulating 
levels of PRA, angiotensin, and aldosterone’ in 
pregnancy-induced hypertension, further suggests that 
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this apparent insensitivity of the renin-aldosterone axis 
persists during these clinical disorders of late preg- 
nancy. These data, however, do not exclude a long- 
term effect of altered PRL secretion on the parameters 
which we studied, especially when sex steroid concen- 
trations in plasma are known to be augmented. 


We wish to thank Miss Wendy Cannon, B.Sc., for 


_expert technical assistance, Miss Suzanne Woolley, 


R.N., for assistance in data analysis and the clinical as- 
pects of the project, and Mr. A. Nalecz, Sandoz Com- 
pany, Montreal, Quebec, Canada, for supplies of 
bromocriptine. 
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Increased pressor activity in incubated plasma of 


pregnant rabbits 


MICHAEL KATZ, M.D. 
DAVID B. GORDON, Pu.D.* 
ROBERT K. CREASY, M.D. 


San Francisco, California 


A study to measure the pressor activity which is generated in incuba'ed plasma of pregnant and 
nonpregnant rabbits was performed by means of a recently modiied bioassay technique. it was 
found that plasma of normal pregnant rabbits generated significantly righer amounts of active 
pressor principle (APP) than those generated by p asma of nonpregrant rabbits. The possible 
relevance of these results to blood pressure regulation during normal and abnormal pregnancies is 


discussed. (AM. J. OBSTET. GYNECOL. 138:741, 1980.) 


INCUBATED PLASMA of several species has been 
shown to have a pressor activity which is thought to be 
caused by a nondialyzable active pressor principle 
(APP)! APP has been recently characterized as a 
lysophosphatidic acid bound to albumin.’ Its biological 
and physicochemical properties clearly distinguish it 
from the presently known vasoactive substances.” ® 4 
The physiologic role of APP is not yet known, but in- 
creased APP levels have been found in patients with 
hypertensive nephritis,’ pre-eclampsia,? and malignant 
essential hypertension.® These findings indicate that 
APP could play a role in blood pressure regulaticn. 
Gordon and Rieske,” using a recently modified bioassay 
technique, reported that plasma from rabbits contains 
abundant APP with physicochemical characteristics 
similar to those found in humans. Since the pregnant 
rabbit is frequently used to study hypertension of 
pregnancy,’ we investigated whether normal preg- 
nancy in these animals is characterized by increased 
APP. 


Animal preparation 


A modification of a previously described assay meth- 
od! for APP was used in these studies. White Wistar 
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rats of ether sex, weighing 250 to $50 gm, were anes- 
thetized 3y an intraperitoneal injection of 30 mg/kg of 
pentoba -bital (Nembutal). Anesthesia was maintained 
by a con.nuous intraperitoneal infusion of pentobarbi- 
tal ata constant rate of 25 mg/kg/hr. Rectal tempera- 
ture was recorded and kept between 37° and 38° C. 
The trachea was cannulated with a 240-PE* catheter 
and oxyzen was blown past the catheter opening at a 
rate of C 6 L/min. A femoral artery and both femoral 
veins weve exposed, and each was cannulated with a 
PE-5)7 catheter. The arterial cannula was connected to 
a Beckrran Dynograph 550 monitor, and pulse pres- 
sure, mean arterial pressure (MAP), and heart rate 
were continuously recorded (Fig. 1). Pentolinium (An- 
solysen, Wyeth) was administered intravenously at a 
constant rate oi 0.2 mg/kg/hr. Injections of plasma test 
samples were started an hour after the completion of 
surgical orocedures and blood pressure stabilization. 
Plasma samples to be assayed were intermittently in- 
jected as a bolus through the second venous cannula 
every 8 to 10 minutes and the catheter was flushed with 
0.2 ml oF saline. 


Prepa-ation of plasma for APP assay 


Blcod samples (5 ml) were obtained in a sterile man- 
ner from nonpregnant and pregnant (28 to 31 days’ 
gestazlor ı New Zealand white rabbits and immediately 
centrifuged in heparinized tubes at 4° C (10 minutes at 
2,00C x x). The plasma was then incubated for differ- 
ent pericds, as described below, at 37° C, ir. a Napco 
220 water batk, and stored frozen at —2C° C until 
assayed. 


*Inside Jiameter, 1.67 mm; outside diameter 2.42 mm. 
tinside diameter, 0.58 mm; outside diameter 0.965 mm. 
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Fig. 1. Tracing of an experimental record showing changes in 
blood pressure, MAP, and heart rate (beats per minute), after 
injection of a plasma sample of nonpregnant (NP), control (C), 
and pregnant (P) rabbits. The relative pressor response (per- 
cent) is indicated near the MAP amplitudes. 


Preliminary experiments were performed to estab- 
lish the incubation tme and volume of plasma which 
would elicit a suitable pressor response in this rat prep- 
aration. Samples from 10 nonpregnant rabbits were 
incubated for periods ranging from 4 to 72 hours and 
an incubation time—relative pressor response curve was 
constructed (Fig. 2). Ten additional samples were 
then obtained from 10 different nonpregnant animals 
and incubated for 24 hours. Plasma volumes ranging 
from 0.1 to 0.4 ml/kg were assayed and a dose-relative 
pressor response curve was constructed (Fig. 3). After 
completion of this preliminary study, it was decided 
that 0.2 ml/kg of plasma, incubated for 24 hours, 
would be used for assay purposes. 

Plasma samples were then obtained from 10 preg- 
nant and 10 nonpregnant rabbits and incubated, and 
each sample was tested in five rats. Relative pressor 
response was assessed as previously described by Wurm 
and Kenner.’ Briefly, the amplitude of the rise in MAP 
caused by each test sample was compared to that 
caused by a standard control sample. This control 
sample was taken from a pool of 24-hour incubated 
rabbit plasma, obtained from one nonpregnant rabbit. 
The pressor response to a 0.2 ml/kg dose of the stan- 
dard pool plasma was set at 100%. This pressor re- 
sponse corresponds to a MAP rise of approximately 25 
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mm Hg above the baseline value (Fig. 1). Control sam- 
ples were injected several times in each experiment to 
assure constant sensitivity of each rat assay prepara- 
tion. The results are expressed as a mean + standard 
deviation of the mean, and the means were compared — 
by the unpaired Student’s t test. 


Results 


The increase in pressor activity of rabbit plasma was 
directly proportional to the duration of incubation. A 
peak in pressor activity was reached with plasma incu- 
bated for 48 hours.and there was no further increase 
thereafter (Fig. 2). In the range of plasma volumes 
tested (0.1 to 0.4 ml/kg), a linear correlation between 
the volume injected and the pressor response was ob- 
served (Fig. 3). 

The mean relative pressor response elicited by incu- 
bated plasma of 10 term pregnant rabbits was sig- 
nificantly higher (181% + 23%) than that elicited by 
plasma of 10 nonpregnant animals (98.6% + 17%) 
(Fig. 4). 


Comment 


Our results confirm previous reports that incu- 
bated nonpregnant rabbit plasma contains significant 
amounts of APF.* During normal gestation in the rab- 
bit, the amount of APP is significantly increased over 
the nonpregnart levels. These findings are in accord 
with those reported by Hertlein and associates? in nor- 
mal pregnant women. In preliminary experiments, we 
have confirmed that the plasma of pregnant women 
generates more APP than plasma ‘from nonpregnant 
women or normal men. However, an important un- 
solved issue is zhe pressor activity of plasma during 
hypertensive pregnancies. Hunter and Howard,’ who 
assayed human plasma in vitro, have shown an increase 
of pressor activity in plasma obtained from women with 
hypertensive pregnancies. They also noted that this 
pressor activity increased after incubation.’® In a recent 
study, Pirani ard MacGillivray"! autotransfused puer- 
peral women who had hypertension in pregnancy with 
plasma which was obtained antepartum. A significant, 
sustained blood pressure rise was observed in these 
women while no change in blood pressure occurred 
after autotransfusion of puerperal normotensive con- 
trol subjects. The aforementioned studies may indicate 
that an increase in plasma pressor activity over nor- 
motensive pregnant levels occurs during hypertensive 
pregnancies and that this increase may be related to 
higher APP levels. 

The source of the increased APP levels during preg- 
nancy is unknown at present, but there is some cir- 
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Fig. 2. The relationship between the incutation period of the rabbits plasma samples (n = 10) and 
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Fig. 3. The relationship between the dose of incubated rabbits’ 
plasma samples (n = 10) and pressor activity, 


cumstantial evidence that plasma draining the gravid 
uterus has higher pressor activity than plasma draining 
other organs.? Attempts to demonstrate that the de- 
cidua was responsible for this pressor activity were un- 
successful, but the possibility of fetoplacental pro- 
duction has not yet been ruled out. Measurements of 
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Estimation of gestational age and maternal serum 
steroid concentrations: Total estriol | 
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Acute increases in maternal serum unconjugated estriol betweem 35 and 37 weeks of pregnancy - 
have been reported to correlate predictably with gestational age In his study total estriol was 
measured by radioimmunoassay in an effort to define maturational surges. Statistically significant 
variations from predicted regressicn lines were nct demonstrated i in any. igiviaues apa or in 


grouped data. (AM. J. OBSTET. GYNECOL. 138:745, ne 


MULTIPLE. DIRECTLY and indirectly related events 
support an acceleration of fetal adrenal steroidogenesis 
in the third trimester of normal pregnancy.'~? Addi- 
tional data have been summarized in recent reviews.® ° 

A statistically significant surge in the maternal serum 
level of unconjugated estriol at 36 weeks + 6 days has 
been reported to accurately predict gestational age.'® !! 
The present study was undertaken to define the nor- 
mal increase in serum total estriol from 5 to 3 weeks 
prior to term and to delineate any irge points. 


Material and methods 


Thirty-four patients were studied in a longitudinal 
manner following informed consent. All of the preg- 
nancies were normal and gestational dates were accu- 
rate. Only patients whose menstrual cycles were 23 to 


30 days in length and who had pelvic examinations to ` 


confirm uterine size in the first trimester were selected. 
Gestational age from quickening, first audible fetal 
heart tones, and newborn examinations were all con- 
sistent with the established estimated dates ‘of con- 
finement. 

Thirteen of the patients were studied weekly from 32 


or 33 to 38 or 39 weeks’ gestation. Twenty of the re- | 
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maining 21 patients were studied daily beginning at 
week 33 and continuing for 12 to 15 days, and the last 
patent was studied for 8 days. Antecubital venous 
blood specimens were drawn between 0900 and 1500 


‘hours for the group.-Since diurnal variation is still con- 


troversial;” individual patients were sampled within | 
hour of the same clock time at each visit. 

Cateid specimens from all patients were entered in a 
data book chronologically and assigned random num- 
bers generated from a standard table. The technician 
performed each determination sequentially by random 
nurabers. The chronologic numbers were rematched 


‘after each asszy. All samples from an individual patient 


were included in a single assay with the exception that 


unknowns with a coefficient of variation > 15% in the 


dupliceze tubes were empirically rejected and repeated. 
The repeat rate was 4.6%. The median coefficient of 
var ation between replicates for 372 unknowns was 
3.8%. 

Antiserum, estriol standards, and '*J-labeled estriol 
were supplied by the Amersham Corporation, Ar- 
lingtor Heights, Illinois. The enzyme hydrolysis was 
performed according to the manufacturer’s directions, 


but the assay was modified to include a total count tube 
‘anc a nonspecific binding (NSB) tube of male serum 


wita each run. The weighted logit-log method was used 
for data reduction.' Two quality control sera were in- 
cluded in each run and yielded means of 51.6 + 7.6 
anc: 147.4 + 12.8 ng/ml. The within-assay coefficient 
of ariation was 3.6% for the low control and 2.4% for 
the high control." The corresponding figures between 
assays were 15.0% and 9.0%. Ten repetitions within a 
rur. of each control revealed no within-assay systematic 
dri=t. . 

_ The logarithmic value of the serum total estriol’® '° 
as calculated by the above methods was used for 
further data reduction in this report. 
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Fig. 1. Regression line (weekly data) at weeks 32 to 35 and 95% confidence interval. 
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Fig. 2. Regression lines and 95% confidence intervals from 32 
weeks in patient No. 9. 0 = Point not used in computation. 


Results 

Summary statistics from patients sampled weekly are 
shown in Table I and those from patients sampled daily 
are shown in Table II. 


The calculated regression lines were Y = 0.261 + 
0.053X for the weekly data and Y = 0.466 + 
0.048X for the daily data. They did not differ sig- 
nificantly in slope or intercept."® 

The regression line of the weekly data calculated 
through 35 weeks is shown in Fig. 1. The values at 36 
and 37 weeks did not exceed the upper limit of the 
predicted 95% confidence interval for the line. Includ- 
ing the data for 35 weeks, | day and 35 weeks, 2 days in 
the regression and expanding the comparisons to all 
daily and weekly points thereafter up to 38 weeks re- 
veals that all points excluded from the regression still 
fall within the 95% confidence interval of the predicted 
line." | . 

The apparent nadir in the data at 35 weeks, 2 days 
was marginally different from the apparent peak at 36 
weeks, 2 days by Student’s t test (t = —1.99, 39 df, 
0.025 > P <'0.05). However, comparisons of the slope 
from 32 to 35 weeks with the slope from 35 weeks to 37 
weeks and the slope of combined daily and weekly data 
from 32 weeks to 35 weeks, 2 days with the slope from 
35 weeks, 2 days to 37 weeks revealed no difference. ® 

Individual patients were studied by computing the 
regression line from the first three data points and 
iterating the search for an ensuing value which ex- 
ceeded the 95% confidence interval predicted for that 
point in the sequence." Defined in this manner, a surge 
occurred in none of the patients. 


Comment 


Although an occasional inflection point in the expo- 
nential increase was apparent between 35 and 37 
weeks’ gestation when individual maternal serum free 
estriol concentrations were studied,'? no similar surges 
were noted with total estriol. With a small N of 3, min- 
imal variability in the data from sample to sample pro- 
duces very wide predicted confidence intervals, as illus- 
trated by the patient example in Fig. 2. Note the 
change in scale of the Y axis needed to ft N = 3. It is 
apparent that although an increasing N rapidly nar- 
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Table I. Summary statistics from weekly samples 
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Week of gestation 


22 se 39 


N l 7 
Mean (ng/ml) 95.1 ee mic 
Sx 26.9 36.9 44.0 


Table II. Summary statistics from daily samples 


8 
ce Ki 1704 906.2 213.3 
38.2 45.2 45.9 54.3 47.1 


Length of gestation (weeks, deys) 


210 20 


N 2) 14 
Mean (ng/ml) 154.8 ree 159.7 1627 158A ee 158.3 1308 182.2 ae 131.6 179.0 170.1 185.6 
Sy 656 539 592 642 630 554 63.0 655 645 67.3 '710 825 66.9 55.6 


rows the confidence interval, the week-to-week vari- 
ability still produces a relatively wide drediction. More 
frequent sampling and pooling of multiple specimens 
drawn several minutes apart at each sampling"? could 
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Prostaglandin Fy, metabolites in plasma and urine 
during pseudopregnancy in the rabbit 
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Two prostaglandin (PG) Fz metabolites, 13,14-dihydro-15-keto PGF,, (dhkPGF-,) in blood and 
5a,7a-dihydroxy-11-keto tetranorprostane 1,16-dioic acid (PGF,,UM) in urine, were measured in the 
pseudopregnant rabbit by radioimmunoassay. During pseudopregnancy, marked increases in the 
two PGF,, metabolites were demonstrated at about the time of luteal regression. Hysterectomy and 
intrauterine administration of indomethacin prolonged the life span of corpora lutea in the 
pseudopregnant rabbit by 8 and 5 days, respectively, with no elevation of PGF} UM excretion. The 
findings indicate that PGF,, is a uterine luteolysin in the pseudopregnant rabbit, as in other animal 


species. (AM. J. OBSTET. GYNECOL. 138:748, 1980.) 


HYSTERECTOMY of the pseudopregnant hamster,' 
rat,” and rabbit? significantly prolongs the life span of 

corpora lutea. This suggests that the uterus must pro- 
~ duce a substance, a luteolysin, which can influence the 
life span of corpora lutea. The luteolytic properties of 
exogenous prostaglandin (PG) Foy in several animal 
species* '° and the pulsatile elevations of PGF2q in the 
utero-ovarian venous blood at about the time of luteal 
regression in the ewe, ™ '* cow, and sow" indicate that 
PGF is possibly a uterine luteolysin. No data are avail- 
able comparing the increase in PGFeq with luteolysis in 
the pseudopregnant rabbit. 

PGF2q metabolites have been described as being bet- 
ter than the parent compound as indicators for moni- 
toring the production of PGF2_ because of rapid 
metabolism of PGs.'*""" The pulsatile elevations of 
13, 14-dihydro-15-keto ‘PGFaq (dhkPGFoq) in periph- 
eral blood” of the ewe and heifer, and marked in- 
creases in the excretion of PGF., urinary metabolite in 
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the guinea pig’® were reported to be observed concomi- 
tantly with luteolysis in the estrous cycle. 

If PGF is a uterine luteolysin in the pseudo- 
pregnant rabbit, the life span of its corpora lutea 
should be prolonged by indomethacin, an inhibitor of 
PG biosynthesis. 


The present study was undertaken to determine: 


the increase in and the site of PGFa production 
during luteal regression in the pseudopregnant rabbit 
by measuring dhkPGFsq in peripheral blood and 
5a,7a-dihydroxy-11-keto tetranorprostane 1,16-dioic 
acid (PGFs,UM) in urine, and to investigate the 
influence of hysterectemy and indomethacin on PGFag 
production and luteal regression. 


Material and methods 


Animals. Eight virgin, female white Japanese rabbits 
3 to 4 months old (average body weight, 3 kilograms) as 
a control group were injected subcutaneously with 50 
ug of 17B-estradiol in 0.2 ml of sesame oil. Ovulation 
was induced in the estrous rabbits by a subcutaneous 
injection of 100 IU of human chorionic gonadotropin 
(hCG) in 1 ml of saline solution 3 days after adminis- 
tration of 17B-estradiol. The day of injection of hCG 
was designated as Day 0 of pseudopregnancy. Six rab- 
bits were subjected to hysterectomy under intravenous 
pentobarbital anesthesia (approximately 25 mg/kg), 
with caution being taken not to injure the ovarian 
blood vessels. Ovulation was induced 3 weeks postop- 
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Fig. 1. Plasma progesterone level and 24-hour urinary excretion of 5a,7a-dihydroxy-11-keto tet- 
ranorprostane 1,16-dioic acid (PGF,,UM) during pseudopregnancy in rabbits (n = 8). Values indi- 


cate the mean + SD. 


eratively by the same procedure used in the centrol 
group. All of the rabbits were housed individually in 
metabolism cages and allowed to feed and drink ad 
libitum. 

The heparinized samples of blood were collected by 
puncturing the marginal ear vein and immediately 
separating the plasma fraction. The samples of 24- 
hour urine and plasma were stored at —20° C until 
analyzed. 

Intrauterine implantation of indomethacin. Im- 
plants (7 mm long and 3 mm in diameter) were pre- 
pared by mixing indomethacin powder with paraffin 
wax (melting point, 42° to 44° C) (rabbit rectal tempera- 
ture: 39.3 + 0.3° C; n = 7) in the ratio of 1:1 parts by 
weight. 

On Day 9, an incision 5 mm Jong was made in the 
middle region of each uterine horn in the three rabbits 
already made pseudopregnant under intravenous pen- 
tobarbital anesthesia, and three or four implants con- 
taining a total of 100 mg of indomethacin were in- 
serted. The incision in the horn was sutured with fine 
catgut. The rabbits were injected with tetracycline twice 
a day for 5 days postoperatively. 

Analytical methods. Progesterone was measured by 
the radioimmunoassay method of MacDonald and as- 
sociates.'* (The antiserum to progesterone-3-carboxy- 
methyloxime-bovine serum albumin was supplied by 
Dr. Kambegawa, of Teikoku Zoki Co., Ltd.) PGF: UM 
was assayed by the method of Ohki and associates.!® 
Determination of dhkPGF,, was carried out by the ra- 
dioimmunoassay method of Satoh and associates." 
Briefly, samples of plasma (2 to 4 ml) acidified to pH 
3.0 were extracted with ethyl acetate. The dhkPG Fa 
fraction separated by silicic acid column chromatogra- 


phy was subjected to radioimmunoassay. The assay 
solvent blank value was 0.04 + 0.02 ng (n = 5). The 
recovery rates of dhkPGFe, added (0, 0.5, 1.0, 2.0 ng) 
to 2 ml of plasma of the untreated rabbit were 
0.22 + 0.04 ng (n = 5), 0.67 + 0.08 ng (n = 4) (91%), 
1.10 + 0.06 ng (n= 4) (88%), and 2.02 + 0.12 ng 
(n = 4) (90%), respectively. The intra-assay coeffi- 
cient of variation (CV) in six replicate determinations 
from a plasma pool was 9.5%. The corresponding in- 
terassay CV was 10.2% (n = 10). The limit of sensitivity 
of the assay was 30 pg. Since the antiserum used 
(supplied by Dr. Kirton, of The Upjohn Co., Ltd.) does 
not differentiate between dhkPGF,,g and dhkPGFog, 
the values of dhkPGFyg should be considered to be 
dhkPGF equivalents. . 


Results 


Pseudopregnant rabbit. The life span of corpora 
lutea of eight pseudopregnant rabbits was monitored 
by the progesterone levels in peripheral plasma (Fig. 
1). The progesterone concentration was 1.53 + 1.28 
ng/ml (mean + SD) on Day 0 and increased to the 
highest level of 12.55 + 3.01 ng/ml on Day 10. There- 
after, it declined gradually and reached the low level of 
1.17 + 0.82 ng/ml on Day 18. There was a significant 
difference in progesterone concentrations between 
Days 17 (5.71 + 3.12 ng/ml) and 18 (p < 0.02), but not 
between Days 0 and 18. The finding indicates that the 
period of pseudopregnancy lasted 17 days. 

The daily excretion levels of PGF UM were 4.78 + . 
1.06 wg/24 hr (mean + SD) from Days 0 to 14 (Fig. 1). 
Levels increased from Day 15 to Day 18 and reached a 
peak of 21.92 + 5.28 »g/24 hr on Day 18. Thereafter, 
PGF..UM levels fell to a level of 6.81 +3.78 
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Fig. 2. Plasma level of progesterone and 13,14dihydro-15-keto PGF; and 24-hour excretion of 
5a,7a-dihydroxy-11-keto tetranorprostane 1,16-dioic acid (PGF,,UM) in urine during pseudopreg- 
nancy in rabbit A. Blood collection was performed at 0900 hours. 
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Fig. 3. Plasma level of progesterone and 12,14-dihydro-15-keto PGFzq and 24-hour excretion of 
5a,7a-dihydroxy- 11-keto tetranorprostane 1,16-dioic acid (PGF,,UM) in urine during pseudopreg- 


nancy in rabbit B. Blood collection was performed at 0900 hours. 


ugi24 hr on Day 21. PGFegUM excretion was highest 
from Days 15 to 20 (p < 0.02). Urine volumes ranged 
from 100 to 324 ml/24 hr (170.9 + 59.23 ml/24 hr; n = 
160 daily urine samples) in pseudopregnant rabbits. 
No changes in daily urine volumes were found at the 
time of luteal regression compared with those earlier. 

The dhkPGFq concentration was measured during 
luteal regression in the peripheral blood of three pseu- 
dopregnant rabbits (timing: 0900 hours in rabbits A 
and B, at 0900 and 2100 hours in rabbit C). Duration of 
pseudopregnancy in these rabbits was :17 days as indi- 
. cated by progesterone levels (Figs. 2, 3, and 4). In rab- 
bit A, peaks in dhkPGFz« concentration were observed 
on Days 18 (0.58 ng/ml) and 20 (0.45 ng/ml), but levels 
of approximately 0.25 ng/ml were seen on other davs 
(Fig. 2). 


High levels of dhkPGF,, were detected for rabbit B 
on Days 19 (0.42 ng/ml) and 20 (0.34 ng/ml); otherwise 


‘ the level was about 0.22 ng/ml (Fig. 3). 


In rabbit C, moving elevations of dhkPGFyq occurred 
on Days 18 (0.3, 0.16 ng/ml) and 19 (0.54, 0.28 ng/ml), 
with no large increase on other days (Fig. 4). Marked 
increases in PGF; UM excretion were evident in rab- 
bits A, B, and C at about the time of luteal regression. A 
high level of dhkPGFzx is considered to be related to a 
high excretion of PGF,,UM, but not the reverse. 

Hysterectomized rabbit. Fig. 5 shows the mean level 
of progesterone and PGFzaUM in six hysterectomized 
pseudopregnant rabbits. The progesterone concentra- 
tion increased from 0.71 + 0.33 ng/ml (mean + SD) on 
Day 0 to 10.7 + 4.21 ng/ml on Day 10, and thereafter 
decreased gradually to 0.75 + 0.52 ng/ml on Day 27. 
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Fig. 4. Plasma level of progesterone and 13,14-dihydro-15-keto PGF2g and 24-hour excretion of 
5a, 7a-dihydroxy- | !-keto tetranorprostane 1,16-dioic acid (PGF:,UM) in urine during pseudopreg- 
nancy in rabbit C. Blood collection was performed at 0900 and 2100 hours. 
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Fig 5. Plasma progesterone and 24-hour urinary excretion of 5a,7«-dihydroxy- 1l 1-keto tetranorpros- 
tane 1,16-dioic acid (PGF: UM) in hysterectomized pseudopregnant rabbits (n = 6). Values indicate 


the mean + SD. 


There was no significant difference in the progester- 
one levels on Day 10 between nonhysterectomized and 
hysterectomized pseudopregnant rabbits. This indi- 
cates that hysterectomy did not affect the ability of the 
pseudopregnant rabbit to produce progesterone at the 
peak of luteal function. The progesterone level of 
1.83 + 0.44 ng/ml on Day 25 was significantly higher 
than that on Day 0 (P < 0.01), whereas no significant 
difference was found between Days 0 and 26 (1.58 + 
0.97 ng/ml). Furthermore, the progesterone concen- 
tration on Days 18 (4.63 + 2.07 ng/ml), 21 (3.37 + 1.86 
ng/ml), 23 (2.67 + 1.69 ng/ml), and 25 in hysterec- 
tomized pseudopregnant rabbits was significantly high- 
er (P < 0.02) than on Days 18, 19 (1.10 + 0.86 ng/ml), 
and 22 (1.15 + 0.8 ng/ml) in pseudopregnant rabbits. 
These findings indicate that the duration of pseudo- 
pregnancy in hysterectomized rabbits was 25 days, and 
that hysterectomy prolonged the life span of corpora 
lutea by 8 days. 


PGF2xUM excretion was almost constant from Day 0 
to Day 28 at a level of 4.15 + 1.83 yg/24 hours 
(n = 111] daily samples of urine), with a range of 3.15 
to 5.58 ng/ml, thus indicating that no increase in the 
production of PGF occurred during pseudopreg- 
nancy of the hysterectomized rabbit. 

Intrauterine implantation of indomethacin. The 
plasma, progesterone concentration and the daily 
PGF.gUM excretion were determined in the three 
pseudopregnant rabbits bearing the indomethacin im- 
plants (rabbits D, E, and F). Duration of the life span of 
corpora lutea was 17 days in the four control pseu- 
dopregnant rabbits bearing the paraffin-wax implants 
alone. 

The progesterone concentrations in rabbits D and E 
on Days 18 (3.8, 4.0 ng/ml), 19 (3.6, 3.7 ng/ml), 20 (2.6, ` 
3.2 ng/ml), and 21 (2.3, 2.8 ng/ml) were higher than 
those on Day 0 (1.5, 1.7 ng/ml). Therefore, the life 
span of corpora lutea was prolonged 5 days by the ad- 
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Fig. 6. Prolongation of pseudopregnancy by intrauterine indomethacin in rabbit D. 
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Fig. 7. Prolongation of pseudopregnancy by intrauterine indomethacin in rabbit E, 


ministration of indomethacin in rabbits D and E. On 
the other hand, excretion levels of PGFe, were low, 
ranging from 1.5 to 4.0 ug/24 hr (Figs. 6 and 7). 

In the case of rabbit F (Fig. 8), the progesterone level 
dropped on Day 20 to 1.8 ng/ml (which was similar to 
the level of 1.6 ng/ml on Day 0) from 3.8 ng/ml on Day 
18 and 3.6 ng/ml on Day 19. On the other hand 
PGF2aUM began to increase from Day 20 (9.3 pg/24 
hr) to Day 22 (22 wg/24 hr), with a corresponding de- 
crease in progesterone. The survival period of corpora 
lutea was prolonged by only 2 days in rabbit F. The 
three pseudopregnant rabbits bearing the indometha- 
cin implants were killed on Day 25, and the size of the 
implants was found to be half normal size. 


Comment 

In the present study, a marked increase in the pro- 
duction of PGFyg occurred in the pseudopregnant 
rabbit in association with luteal regression as estimated 
by PGF a UM and dhkPGFoq. PGFoe in the rabbit was 


reported to be excreted into urine in the form of six 
urinary metabolites, including PGF,,~UM.”' It has not 
been shown yet whether PGF2,~UM is the main urinary 
metabolite in the rabbit; however, the present findings 
indicate that PGF.,.UM excretion can be an indicator 
for monitoring PGF2q production in the rabbit, al- 
though pulsatile production and release of PGFoo are 
not detectable. The increase in PGF; product:on in 
the pseudopregnant rabbit was shown io start on Day 
15, 3 days prior to luteolysis, and to reach the highest 
level on Day 18, 1 day after luteolysis. A similar excre- 
tory pattern for the main urinary PGF q metabolite was 
demonstrated in the guinea pig by Granstrém and 
Kindahl,’® although the exact relationship between 
progesterone and the urinary PGFza metabolite was 
not clarified because of a lack of data on progesterone 
concentration. 

Kindahl and associates”® collected peripheral blood 
every hour for measurement of dhkPGFza and thereby 
demonstrated an intermittent release of large amounts 
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Fig. 8. Prolongation of pseudopregnancy by intrauterine indomethacin in rabbit F. 


of PGFza during the last days of the estrous cycle of the 
ewe and heifer, and a concomitant decrease in proges- 
terone. 


The need for at least 5 ml of peiehend blood forthe | 


measurement of dhkPGFoq in our assay system re- 
stricted us to collecting blood from the rabbit no more 


than twice a day. Therefore, any intermittent elevation | 


of dhkPGFo_ could not be shown. An increase in 
dhkPGF eq concentration in peripheral blood was found 
to occur concomitantly with luteal Ere een in the 
pseudopregnant rabbit. 

The life span of corpora lutea was: and to be pro- 
longed by 8 days in hysterectomized pseudopregnant 
rabbits. ?3 Furthermore, no increase.in PGF,2.UM 
excretion was found to be associated ‘with the longer 
survival of corpora lutea. There has been no report 
concerning the correlation between hysterectomy 
and PGF, excretion in the pseudopregnant rabbit. 

The present study showed that indomethacin, an 
inhibitor of PG biosynthesis, prolonged the life span 


of corpora lutea in the pseudopregnant rabbit. In- 


domethacin was demonstrated to have almost the same 
effect as hysterectomy on the corpora lutea in two rab- 
bits, whereas in the third rabbit a 2- day prolongation 
of the life span was observed with an increase in 


PGF.2UM excretion concomitant with luteolysis: This 
may be evidence explaining the action of PGFeq as a 


` uterine luteolysin. Horton and Poyser*™ reported that 
i 


the intrauterine administration of indomethacin ex- 
tended the length of the estrous cycle as much as four- 
fold in the guinea pig. Acçording to the present data, 
indomethacin is not so effective in the pseudopregnant 
rabbit. On the other hand, there is a report that exoge- 
nous PGFza destroyed the corpora lutea in the hys- 
terectomized gilt. As-mentioned above, there have 
been many reports of the relationship between PGFza 
and a uterine luteolysin. The present study provided 
confirmatory evidence that PGFoeq is a uterine luteoly- 
sin in the pseudopregnant rabbit, as it 1s in other 
species. "11 
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Intrauterine irrigation with cefamandole nafate 
solution at cesarean section: A preliminary report 


WILLIAM H. LONG, Caprain. MC, USA 
EUGENE G. RUDD, Captain, MC, USA 
MICHAEL B. DILLON, Major, MC, USA 


Honolulu, Hawai 


The effectiveness of intrauterine irrigatian with an antibiotic solution of cefamandole nafate in 
reducing the incidence of endometritis after cesarean section was studied in a prospective, 
double-blind fashion. Ninety patients who underwent cesarean section at Tripler Army Medical 
Center were divided into three equal groups. Each group received one of the following treatments at 
the time of operation: (1) intrauterine irrigation wizn the antibiotic solution, (2) irrigation with normal 
saline solution, or (3) no irrigation. The resulting incidences of endometritis were 0%, 26.7%, and 
23.3%, respectively. Intrauterine irrigation with cefamandole nafate solution at the time of cesarean 
section significantly reduced the incidence of endometritis. (AM. J. OBSTET. GYNECOL. 138:755, 1980.) 


A COMMON problem in obstetric practice 1s the high 
rate of febrile morbidity after cesarean section. This 
morbidity is most often due to endometritis. Recent 
reports have indicated an incidence of endometritis as 
high as 85% in high-risk patients.’ A variety of factors 
contributes to the development of endometritis. Dur- 
ing labor, as the cervix dilates and loses its mucus plug, 
the endometrial cavity and amnion become exposed to 
the vaginal bacterial Hora. When rupture of the mem- 
branes occurs for prolonged periods of time prior to 
delivery, the risk of developing endometritis after both 
vaginal delivery and cesarean section is increased. 
Other factors that favor endometritis include the num- 
ber of vaginal examinations, length of labor, and 
length of invasive fetal monitoring.’ Clotted blood, in- 
terstitial hemorrhage, and tissue necrosis resulting 
from the surgical trauma, as well as involutional 
sloughing of decidual tissue; provide conditions that 
enhance bacterial growth. 

The parenteral use of antibiotics prophylactically in 
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cesarean section has reduced the incidence of endome- 
tritis.? Uterine contractions after delivery may reduce 
the efficacy of parenteral antibiotics by preventing ac- 
cess to the surgical site. The topical use of antibiotics 
may avoid this and other disadvantages. 

The purpose of this report is to describe the tech- 
nique and results of the prophylactic use of in- 
trauterine irrigation with an antibiotic solution. To our 
knowledge, no similar study has been performed. 


Material and methods 


All patients who underwent cesarean section at Trip- 
ler Army Medical Center during a 3-month study pe- 
riod were invited to participate in the study. Patients 
were excluded from the study if they had a history of 
penicillin or cephalosporin allergy, recent use of an- 
tibiotics, or a known infectious process, or if they 
lacked informed consent. Pharmacy personnel as- 
signed each patient to one of three groups by means of 
a table of random numbers. This was blind to both 
patients and physicians. The three groups, each con- 
taining 50 patients, were as follows: Group A, irrigation 
with 2 gm of cefamandole nafate in 800 ml of normal 
saline solution (treated group); Group B, irrigation with 
800 ml of normal saline solution (irrigation control 
group); and Group C, no irrigation (nonirrigation con- 
trol group). 

A vitamin* solution was added to both of the irriga- 


*Solu-B-Forte, 5 drops. 
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' Table I. Risk factors for development of endometritis 


No. of patients with rupture of membranes >6 hr 

No. of patients in labor 

Average hours of labor 

No. of patients with invasive monitoring 

Average hours of monitoring 

Average no. of pelvic examinations in patients in labor 


Table II. Risk factors versus endometritis 


Irrigation | Nonirrigation 
Treated control contral 


Patients with rupture of 1] 8 7 
membranes >6 hr: 
No. developing endo- O (0) 
metritis (%) 

Patients in labor: 22 19 . 19 
No. developing endo- 0 (0) 8 (42.1) 7 (36.8) 
metritis (%) 

Patients with invasive 12 9 9 
monitoring: 
No. developing endo- 0 (0) 
metritis (%) 





4 (50.0) 5 (71.4) 


5 (55.5) 5 (55.5) 


tion solutions in order to make them visually identical. 

At the time of operation, after delivery of the infant, 
placenta, and membranes, the uterus was delivered 
through the abdominal incision. If the patient was in 
either the treated or irrigation control group, in- 
trauterine irrigation was performed: A bulb syringe 
was used, with careful attention taken to ensure that 
the margins of the uterine incision received a direct 
application, and the irrigation was performed with 
some force so as to create a jetlike effect. The irrigant 
was simultaneously suctioned. Then, the uterine inci- 
sion was repaired in a routine fashion, with additional 
irrigant applied to the closed incision and bladder dap. 
Finally, the uterus was replaced in the abdomen and, 
with the patient in reverse Trendelenburg position, the 
abdominal gutters were irrigated and suctioned. In the 
nonirrigation control group, the peritoneal gutters 
were cleared of clot and fluid by sponge or suction 
alone. Closure of the abdominal incision was per- 
formed in a fashion chosen by the surgeon, and any 
solution remaining was used to irrigate the wound dur- 
ing closure. 

All procedures were performed by the resident and 
staff physicians on call at the time of the operation. 
Postoperative evaluations were made by those physi- 
cians who were usually assigned to that service. The 
physicians who were responsible for- postoperative 
management did not know to which study group the 

_ patients had been assigned. Patients considered to have 
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Irrigation control Nonirrigation control 


I] 8 7 

22 19 19 
9.0 10.5 9.5 
12 9 9 
8.0 11.1 i 7.8 
5.7 6.1 5.2 


endometritis were those who developed a febrile 
course and whose physical and laboratory evaluations 
were consistent with the clinical diagnosis. Each of 
these patients was subsequently treated with parenteral 
antibiotics. 


Results 


The incidence of endometritis was 0 of 30 (0%) in the 
treated group, 8 of 30 (26.7%) in the irrigation control 
group, and 7 of 30 (23.3%) in the nonirrigation control 
group. By chi-square analysis, the difference in the rate 
of infection between the treated group and the average 
rate of infection of the control groups was statistically 
significant (Z = —4.03, P < 0.01).* 

Table I compares preoperative risk factors and dem- 
onstrates an equal distribuuon among groups. 

In Table II, risk factors are compared to the number 
of patients who developed endometritis. The treated 
group did have a slightly larger number of patients in 
the high-risk group (i.e., those with ruptured mem- 
branes over 6 hours, those in labor, and those with 
invasive feta] monitoring). 
© Table II compares the indications for cesarean sec- 
tion with the number of patients who developed en- 
dometritis. Those patients who developed endometritis 
are listed in Table IV, with the preoperative risk factors 
and their treatment group. ' 

One patient in the treated group was placed on oral 
ampicillin for asymptomatic bacteriuria. No adverse 
consequences were noticed with the antibiotic irriga- 
tion. There were no long-term complications or late 
infections in the treated group. i 

In the irrigation control group, a total of 11 pa- 
tients required antibiotics during their hospitalizations. 
Three patients with infection of the urinary tract were 
treated with oral antibiotic therapy. Eight pattents with 
endometritis were treated parenterally with two or 
more drugs. One additional patient in the irrigation 
control group who developed a wound infection after 


*To obtain an estimate of this difference in rates, 0.5 was 
added to each cell in the 3 x 2 table. The Z statistic was then 
calculated on this adjusted count. 
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Table III. Indication for cesarean section versus endometritis 


i 
: | Treated | Irrigation control | Irrigation control Nonirrigation control 


Failure to progress (cephalopelvic disproportion): 
No. with endometritis (%) 

Repeat cesarean section: 
No. with endometritis (%) 

Breech malpresentations, twins, compound presentation: 
No. with endometritis (%) 


Table IV. Patients with endometritis 





10 1] 7 

0 (0) 5 (45.5) 3 (42.8) 
11 13 12 

0 (0) LWD 0 (0) 

9 6 11 

0 (0) 2 (33.3) 4 (36.4) 


Indication ruptured membranes of labor invasive monitoring Group 

Breech 17 4 0 l Nonirrigation control 
FETE” 15 13 10 13 Irrigation control 
Twins 4.5 5 2 3 Nonirrigation control 
FTP 12 12 12 6 Nonirrigation control 
Repeat 0 r 0 2 Irrigation control 
Breech l 9 0 l Irrigation control 
FTP 20 20 16 12 Irrigation control 
FTP 5 lI 5 8 Irrigation control 
Breech 7 5.5 1.5 3 Nonirrigation control 
FTP 12.1 23 9 13 Nonirrigation control 
FTP 24.5 245 14 1] Irrigation control 
FTP 20.5 25 20.5 13 Irrigation control 
Breech 2 12 0 l Nonirrigation control 
Breech 0 ] 0 ce Irrigation control 
FTP 16 20 Il 12 Nonirrigation control 


*Failure to progress. 


discharge was treated on an outpatient basis with lccal 
therapy. 

In the nonirrigation control group, eight patients 
were treated with antibiotics, one with intravenous 
ampicillin for pyelonephritis and seven with two or 
more parenteral antibiotics for endometritis. 


Comment 


The problem of postoperative infection has resulted 
in many attempts to use antibiotics prophylactically.’ 
Appropriate prophylaxis must include a system that 
delivers adequate tissue levels of antibiotic to the surgi- 
cal site before or very near the time that contamination 
occurs. In recent reports, the prophylactic administra- 
tion of parenteral antibiotics has been advocated in 
patients who are undergoing cesarean section. Some 
authors suggest the administration of parenteral anti- 
biotics prior to operation, with continuation of treat- 
ment for varying lengths of time postoperatively. 
Others recommend that the antibiotics be given at the 
time of operation when the umbilical cord is clamped, 
thus preventing exposure of the fetus to the drug. Each 
of these approaches has proved to be beneficial in re- 
ducing postpartum endometritis, but each has disad- 
vantages. An antibiotic given prior to delivery may 
mask a neonatal infectious process by exposing the un- 


_born infant to the drug. If the antibiotic is given after 


the umbilical cord has been clamped, there may not be 
an adequate level at the surgical site because of hemo- 
static suturing and the decrease in perfusion with uter- 
ine contractions after delivery. 

In this study, an alternate method of prophylaxis is 
presented. Topically administered antibiotics should 
supply adequate tissue levels at the surgical site while 
not exposing the infant to the drug. The findings here 
support the efficacy of this prophylactic regimen. 

The choice of cefamandole nafate was based on 
its demonstrated broad-spectrum activity against or- 
ganisms which commonly cause puerperal endome- 
tritis.1 Cefamandole has a high tissue affinity with a 
relatively long half life. Others who have used the 
cephalosporins in local irrigation have observed no ad- 
verse effects.° 

Tables I, IJ, and III demonstrate that the various 
study groups were well matched for surgical indica- 
tions and risk factors for endometritis. As expected, 
those patients in the control groups who were at 
greatest risk most often developed endometritis (i.e., ` 
71.4% of those with rupture of membranes more than 
6 hours in the nonirrigation control group). Although 
the treated group had more patients with high-risk fac- 
tors, none of them developed endometritis. This study 
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shows that excellent results can be anticipated if an 
antibiotic irrigation is used in patients who are at risk of 
developing endometritis. No comment can be made in 
regard to the effectiveness of antikiotic irrigation for 
those patients who are undergoing elective repeat ce- 
sarean section. 
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Effect of urinary bladder fullness on fundal 


height measurements 


NANCY WORTHEN, M.D. 
MARIA BUSTILLO, M.D. 


Torrance, California 


Measurements of fundal height were obiained on 117 obstetric patients with a full and with an 
empty bladder. Statistical testing demonstrated a significant difference between the two 
measurements. A full urinary bladder can change fundal height measurements and thus be a source 
of false positive variations in the progression of fundal height. There is a need to establish a 
baseline (with the bladder empty) before measuring fundal height. (AM. J. OBSTET. GYNECOL. 


138:759, 1980.) 


FUNDAL height measurements are routinely used in 
the clmical practice of obstetrics both for estimating 
gestational age and assessing the progression of preg- 
nancy. Because there is such a wide variation in fundal 
heights for a particular gestational age, the method is 
not reliable for dating.' The fundal height progres- 
sively increases throughout pregnancy and reflects 


normal growth of the gestational contents at the rate of 


approximately 4 to 5 cm per month. Alterations in the 
progressive increase in fundal height may indicate cer- 
tain conditions,” such as intrauterine growth retarda- 
tion, oligohydramnios, polyhydramnios, and multiple 
gestations. If any of these conditions is suspected, ul- 
trasonography may be indicated. 

Since the effect that a full urinary bladder has on 
lifting structures out of the pelvis is well known to the 
ultrasonographer, this study was carried out to deter- 
mine whether a full bladder changes the height of the 

uterine fundus and thus produces false positive mea- 
surements of fundal height progression. 


Methods and material 


One hundred seventeen obstetric patients were stud- 
ied, with a range of 13 to 36 weeks’ gestation. Popula- 
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Fig. 1A. Longitudinal scan of pregnant uterus with full uri- 
nary bladder at 14 week’s gestation. Fundal height was 18 cm. 
U, Umbilicus; S, pubic symphysis; B, bladder. 


tion distribution is given in Table I. Gestational age was 
determined by measurements of biparietal diameter. 
Excluded from the study were patients with multiple 
gestations and abnormal gestations and obese patients. 

Each patent underwent a routine obstetric exami- 
nation with the use of commercially available gray-scale 
equipment with a 2.25 or 3.5 MHz transducer. Lon- 
gitudinal and transverse scans of the pregnant uterus, 
biparietal diameters, and body diameters at the level of 
the umbilical vein were obtained. 
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Fig. 1B. Longitudinal scan of pregnant uterus with full urinary bladder at 22 weeks’ gestation. 
Fundal height was 26 cm. V, Umbilicus; $, pubic symphysis; B, bladder. 
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Fig. 1C. Longitudinal scan of pregnant uterus with full urinary bladder at 36 weeks’ gestation. 
Fundal height was 40 cm. U, Umbilicus; $, pubic symphysis; B, bladder. 
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Fig. 2A. Longitudinal s 
with empty urinary bladder 


can of same pregnancy as in Fig. | 
. Fundal height was [4 cm. 




















Fig. 2B. Longitudinal scan of same pregnancy as in Fig. 1B 
with empty urinary bladder. Fundal height was 22 cm. 


` 


Fig. 2C. Longitudinal scan of same pregnancy as in Fig. 1C with empty urinary bladder. Fundal 


heigh twas 38 om. 





Measurements of uterine fundal height were ob- 
tained with full and empty bladder ym- 
physis of each patient was marked to assure that mea- 





The pubic 


surements were obtained from the same origin, and the 
height of the uterine fundus was then checked by 
of ultrasound guidance. Ultrasound was also 





mean 








used to make certain that the bladder was empty, Mea- 





surements were obtained with the use of a plastic cen- 








timeter tape, by two experienced technicians. 





Data wer 





grouped according to lunar months of 





gestation and statistically analyzed by Student's paired t 




















” Gestational age Mean F* + SEM 






(wk) (em) 
73-16 AB 19.0 + 3.3 
17-20 © 24 229.4 + 0.6 
21-24 14 - 24,0 + 0.8 
- 25-28 17 | 29.1 0.6 
29-32 -39 30.6 + 0.5 
33-36 i25 o 33.7 + 0.9 





SF = Fundal height with. full: urinary bladder 
o OTE -Fundat height with, empty urinary bladder. 
i FAN statistically significant at P < 0.001. 


a ! 


ae Results 

Results are summarized in T able 4. All groups dem- 
onstrated staustically signific ant differences at P > 
0.001 in fundal heights between full and empty blad- 
ders. The average drop in fundal height ranged from 
2.0 to 3.1 cm. The range of full minus empty (F — E) 
was 0) to.7 cm. Five patients showed no change in fun- 


dal height. with filling of the bladder. Examples of 


variations in fundal height with a full and an empty 
bladder are shown in Figs. 1A to 1C and 2A to 2C. 


Comment 

in following the 
‘progression of pregnancy, there is a need for uniform 
measurements. “This study showed that fundal height 
measurements are significantly altered by a full blad- 


Since fundal heights are useful 


der. Therefore: a baseline 3 is needed prior to obtain- 


ing fundal height measurements. Ideally, the patient 
shoud. be measured: immediately after voiding. 

Tn. the | present study z plastic tapes were used in mea- 
suring fundal heights. Since caliper 








_ Table I. son of patients and statistical analysis of fundal height measurements 


Mean Et 


alipers eliminate some of 
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16.4 + 28° 2, 64 + t 0: 38 : an r pore 
19.4 + 0.5 8104094 07.0 > 
22.0 + 0.7 2.32 + 0.47 0-5.0. 
26.6 + 0.5 aL OG: 0-5.0 
28.2 + 0.5 : 285+ 023. - 0-6.0 
30.7 + 












09° 2.904023 | 15.0 


the abdominal curvature, they have been shown to give 
smaller numbers than plastic tapes when the same fun- 
dal heights are measured.' Statistically, variation in 
fundal heights with filling of the bladder would be even 
more significant with smaller numbers. Figs. LA to IC 
and 2A to 2C show that the measured change in fundal 
height with calipers would be greater than the results in 
the present study with plastic tapes. Thus, this change 
in fundal height secondary to bladder fullness may be 
more significant to the clinici ian who uses calipers for 
assessing his patients. 

Since this study showed that bladder filling is a sig- 
nificant factor in fundal height measurements, and 
since a full bladder is a highly subjective and variable 
parameter, it seems to be necessary to establish a stan- 
dard baseline for fundal height when the patient's 
bladder is empty. This is especially important in the 
high-risk obstetric patient, and in large clinics where 
the patient may have a longs wait and is examined with 

varying degrees of bladder filling. 
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t. ESTROGENS HAVE BEEN REPORTED TO INCREASE THE RISK OF 
ENDOMETRIAL CARCINOMA. 

Three independent case control studies have reported an increased risk of endome- 
trial cancer in postmenopausal women exposed to exogenous estrogens for more than 
one year'-3 This risk was independent of the other known risk factors for endometrial 
cancer These studies are further supported by the ‘inding that incidence rates of 
endometrial cancer have increased sharply since 1969 in eight different areas of the 
United States with population-based cancer reporting systems. an increase which may 
be related to the rapidly expanding use of estrogens during the last decade.* The three 
case contro! studies reported that the tisk of endometnal cancer in estrogen users was 
about 45 to 13.9 times greater than in nonusers. The nsk appears to depend on both 
duration of treatment! and on estrogen dose * In view of these findings, when estrogens 
are used for the treatment of menopausal symptoms, the lowest dose that will contro} 

o symptoms should be utilized and medication should ne discontinued as soon as 
possible. When prolonged treatment is medically indicated, the patient should be 

 feassessed on al least a semiannual basis to determine the need for continued therapy. 
‘Although the evidence mus! be considered preliminary, one study suggests that cyclic 
administration of low doses of estrogen may carry jess rsk than continuous adminstra- 
tion. it therefore appears prudent to utilize such a regimen. Close clinical surveillance of 
all women taking estrogens is important. In all cases of undiagnosed persistent or 
recurnng abnormal vaginal bleeding, adequate diagnastic measures should be under- 
taken to tule oul malignancy. There is no evidence at present that “natural” estragens are 
more or less hazardous than “synthetic” estrogens al equiestrogenic doses. 
2. ESTROGENS SHOULD NOT BE USED DURING PREGNANCY. 

The use of female sex hormones, both estrogens and progestagens, dunng early 
pregnancy may seriously damage the offspring. It has been shown that fernales exposed 
im utero to diethylsivbestral, a non-steroidal estrogen have an increased tis« of 
developing in later hfe a form of vaginal.or cervical cancer that is ordinarily extremely 
rare This tisk has been estimated as not greater than 4 per 1000 exposures.’ 
Furthermore, a high percentage of such exposed women (from 30 to 90 percent) have 
been found to have vaginal adenosis, epithelia! changes of the vagina and cervix. 
Aithough these changes are histologically benign, it 16 nof known whether they are 
precursors of malignancy. Although similar data are not avaiable with the use of other 
estrogens it cannot be presumed they would not mduce similar changes. Several reports 
suggest an association between intrauterine exposure to female sex hormones and 
congenital anomalies, inciuding congenital heart defects and limb reduction 

| defects’ t-06 One case control study’ estimated a 4.7-fold increased rsk of imb 
reduction defects in infants exposed in utero to sex hormones {oral contraceptives, 
hormone withdrawal tests for pregnancy, or attempted treatment for threatened abor- 
tion), Some of these exposures were very short and involved only a few days of treatment. 
The data suggest that the nsk of hmb reduction defects in exposed fetuses is somewhat 
jess than 1 per 1000. In the past, female sex hormones have been used dunng pregnancy 
man attempt to treat threatened or habitual abortion. There is considerable evidence 
that estrogens are ineffective for these indications, and thera is no evidence frorn well 
| controlled studies that progestogens are effective for these uses. If PREMARIN ts used 
- during pregnancy, or if the patient becomes pregnant while taking this drug, she should 
be apopnsed of the potential risks to the fetus. and the advisability of pregnancy 
continuation, 





DESCRIPTION: PREMARIN (Conjugated Estrogens Tablets, U.S.P) for oral administration 
contains a mixture of estrogens, obtained exclusively from natural sources, blended to 
represent the average composition of maternal derived from pregnant mares unne It contains 
estrone, equilin, and 17a@-dihydroequilin, together with smater amounts of te estradiol, 
equitenin, and 17a-dinydroequienin as salts of ther sulfate esters 


INDICATIONS: Based on a review of PREMARIN Tablets by the National Academy of 
Sciences — National Research Council and/or other information, FDA nas classified the 

indications tor use as follows, 

Effective: 

t Moderate to severe vasomotor symptoms associated with the menopause. (Thereis 
no evidence that estrogens are effective for nervous symptoms or depression without 
associated vasomotor symptoms, and they should not be used to treat Such conditions } 

2. Atrophic vaginitis. 

3. Kraurosis vulvae. 

4 Female hypogonadism. 

& Female castration. 

6. Prumary ovarian failure. 

7 Breast cancer (for palliation onty) in appropriately selected women and men with 
metastatic disease. 

& Prostatic carcinoma — palliative therapy of advanced disease. 

9. Postpartum breast engorgement — Although estrogens have been widely used for 
the prevention of postpartum breast engorgement, controlled studies have gemon- 
strated that the incidence of significant painful engorgement in patients not receiving 
such hormonal therapy is low and usually responsive to appropriate analgesic ar other 
supportive therapy. Consequently, the benelit to be denved from estrogen therapy for this 
indication must be carefully waghed against the potential increased nsk of puerperal 
thromboembolism associated with the use of large doses ct estrogens. ’? 

PREMARIN HAS NOT BEEN SHOWN TO BE EFFECTIVE FOR ANY PURPOSE DURING 

PREGNANCY AND ITS USE MAY CAUSE SEVERE HARM TO THE FETUS (SEE BOXED 
WARNING). 
“Probably” effective: Fa: estrogen deficiency induced osteoporosis, and only when 
used in canjunction with other important therapeutic measures such as diet, calcium, 
physiotherapy, and goad general health-promoting measures Final classification ofthis 
indication requires further investigation. 


CONTRAINDICATIONS: Estrogens should not be used in women (ar men) with any of the 
following conditions: 1. Known ar suspected cancer of the breast except in appropriately 
selected patients being treated for metastatic disease. 2 Known or suspected estrogen- 
dependent neoplasia. 3. Known or suspected pregnancy (See Boxed Warning) 4. Urm- 
diagnosed abnormal genital bleeding. 5. Active thrombophlebitis or thromboembolic disor- 
ders. 6. A past history of thrombophlebitis, thrombosis, or thromboeminalic disorders asso- 
ciated with previous estrogen use (except when used in treatment of breast or prostate 
malignancy). 
WARNINGS: At the present time there is no satisfactory evidence that estrogens given to 
postmenopausal women increase the risk of cancer of the breast.’ although a recent study 
has raised this possibility. There is a need far caution in grescribing estrogens for women 
with a strong family history of breast cancer or who have breast nodules, fibrocystic disease, 
or abnormal mammograms. A recent study has reported a 2- ta 3-fold increase in the ask of 
“Surgically confirmed gallbladder disease in women receiving postmenopausal estrogens 7 
Adverse effects of oral contraceptives may be expected at the larger doses of estrogen 
used to treat prostatic or breast cancer or postpartum breast engorgement: it has been 
. shown that there is an increased risk of thrombosis in men receiving estrogens for prostatic 
cancer and women for postpartum breast engorgement.’*-** Users of oral contraceptives 
have an increased risk of diseases, such as thrombophlebitis, pulmonary embolism, stroke, 
and myocardial infarction.*+-3° Cases of retinal thrombosis, mesenteric thrombos:s, and optic 
neuritis have been reported in oral contraceptive users 2'2? An increased nsk of postsurgery 
thromboembolic complicatians has also been reported in users of oratcantraceptives 77.44 {f 
feasible. estrogen should be discontinued at least 4 weeks before surgery of the type 
associated with an increased risk of thromboembolism. of during periods of prolonged 
immobilization. Estrogens should not be used in persons with achive thrombophiebitts, 
thromboembolic disorders. of in persons with a history of such disorders in association with 
estrogen use. They should be used with caufon in patients with cerebral vascular of coronary 






artery disease. Large doses (6 

















45-mg conjugated estrogens per day), comparable to those used 
to treat cancer of the prostate and breast, have been shown" to increase the risk of nonfatal 
myocardial infarction, pulmonary embolism and thrombophlebitis. When doses of this size 
ae aie any of the thromboembolic and thrombotic adverse effects should be considered a 
clear risk. 

Benign hepatic adenomas should be considered in estrogen users having abdominal pain 

and tenderness, abdominal mass, or hypavolemic shock, Hepatocellular carcinoma has been 
reported in women taking estrogen-containing oral contraceptives." Increased blood 
pressure may occur with use of estrogens in the menopause?” and blood pressure should be 
monitored with estrogen use. A worsening of glucose tolerance has been observed in patients 
on estrogen-conmtaining cral contraceptives. For this reason, diabetic patients should be 
carefully observed. Estrogens may iead to severe hypercalcemia in patients with breast 
cancer and bone metastases. 
PRECAUTIONS: Physical examination and a complete medical and family history shouid be 
taken prior to the mitiation of any estrogen therapy with special reference to blood pressure, 
breasts, abdomen, and pelvic organs, and should include a Paparucolau smear As a general 
rule, estrogen should not be prescribed for longer than one year without another physical 
@xamimation being performed. Conditions influenced by fluid retention such as asthma, 
epilepsy, migraine, and cardiac ar renal dysfunction, require careful observation. Certain 
patients may develop manifestations of excessive estrogenic stimulation, such as abnorma: 
or excessive uterine bleeding, mastodynia. etc. Oral contraceptives appear to be associated 
with an increased incidence of mental depression. a Patients with a history of depression 
should be carefully observed. Preexisting uterine leiomyomata may increase in size during 
estrogen use. The pathclogist should be advised of estrogen therapy when relevant 
specimens are submitted. if jaundice develops in any patient receiving estrogen, the 
medication should be discontinued while the cause is investigated. Estrogens should be 
used with care in patents with impared hver function, renal insufficiency, metabolic bone 
diseases associated with hypercalcemia, of in young patients in wham bone growth :s not 
complete, 

The following changes may be expected with larger doses of estragen: 

a. increased sulfopromophthailein retention. 

b Increased prothrombin and factors Vil. VIH, IX, and X. decreased antithrombin 3. 
increased norepinephrine -induced platelet aggregabiiity. 

c. Increased thyroid binding globulin (TBG?) leading to increased cucuiating total thyroid 
hormone, as measured by PBI, T4 by column, or T4 by radioimmunoassay. Free T3 resin 
uptake is decreased, reflecting the elevated TBG, free T4 concentration ss unaltered. 

d. impaired glucose tolerance. 

e. Decreased pregnanedicl excretion. 

L Reduced response to metyrapone test. 

g. Reduced serum folate concentration. 

h. increased serum triglycende and phospholipid concentration. 

AS a general principle. the administratian of any drug to nurs:ng mothers should be done only 
when clearly necessary sirce many drugs are excreted in human muik. 

ADVERSE REACTIONS: The following have been reported with estrogenic therapy. in- 
cluding oral contraceptives: breakthrough bleeding. spotting, change in menstrual flow: 
dysmenorrhea, premenstrual-like syndrome, amenorrhea dunng and after treatment, in- 
crease in size of uterine fibtomyomata, vaginal candidiasis, change in cerv-cal erosion and in 
degree of cervical secretion: cystitis-like syndrome, tenderness, enlargement, secretion (of 
breasts): nausea, vomiing. abdominal cramps. bloating; cholestatic jaundice: chioasma of 
melasma which may persist when drug is discontinued: erythema multiforme: erythema 
nodosum, hemorrhagic eruption: loss of scalp hair, hirsutism: steepening of corneal curva- 
ture. mtolerance to contact lenses. headache, migraine, dizziness, mental depression., 
chorea, increase or decrease in weight: reduced carbohydrate tolerance: aggravation of 
porphyria. edema: changes in bide 

ACUTE OVERDOSAGE: May cause nausea. and withdrawal bieeding may occur infemaies 
DOSAGE AND ADMINISTRATION: 1. Given cyciicaily for short term use oniy. For treatment 
of moderate to Severe vasomotor symptoms, atrophic vaginitis, of kraurasis vulvae asso- 
ciated with the menopause (0.3 to 1.25 mg or more daily). 

The lowest dose that wii control symptoms should be chosen and medication should be 
discontinued as promptly as possible 

Admunstratian should be cyclic (eg. three weeks on and one week off) 

Attempts tadiscontinue or tape: medication should be made at three to six monthintervals. 

2. Given cyclically, Female hypogonadism. Female castration. Primary ovanan fadure. 
Osteoparasis. 

Female hypogonadism — 2.5to 7.5 ma daily. on divided doses for 20 days, followed by a rest 
penod of 10 days duration. If bleeding does not occur by the end of this period, the same 
dosage schedule is repeated. The number of courses of estrogen therapy necessary to 
produce Dleeding may vary depending on the responsiveness af the endometrium. 

if bleeding occurs before the end of the 10 day period, begin a 20 day estrogen-progestin 
cyche regimen with PREMARIN (Conjugated Estrogens Tablets. US.P),25to 7.5 mg daiy in 
divided dases, for 20 days. During the last five days of estroge therapy, give an oral progestin. 
H bleeding occurs before this regimen is concluded, therapy 's discontinued and may be 
resumed on the fifth day of bleeding. 

Female castration and primary ovarian failure ~1.25 mg dary. cyclically. Adjust upward of 
downward according to response of the patient. For maintenance, adjust dosage to lowest 
level that will provide effective control. 

Osteoporosis (to retard grogressian) — 1.25 mg danly, cyclically 

3. Given for a few days: Preventon of postpartum breast engorgement - 3.75 mg every four 
hours for five doses, or 1.25 mg every four hours for five days. 

4. Given chronically: inoperable progressing prostatic cancer ~ 14.25 to 2.5 mg three times 
dary 

inoperable progressing breast cancer in appropnately selected men and postmenopausal 
women— 10 mg three times daily fora period of al least three months. 

Patents with an intact uterus should be monitored for signs of endametnal cancer and 
appropriate measures taken to rule aut malignancy in the event of persistent of recurring 
abnormal vaginal bleeding, 

HOW SUPPLIED: PREMARIN (Conjugated Estrogens Tablets, U.S.P) No. 865-—-Each purple 
tablet contains 2.5 mg in bottles of 100 and 1,000. No. 866—Each yelow tablet contains 
1.25 mgn bottles of 100 and 1,000 Also in uni dose package of 100. No. 867 —Each redtablet 
contains 0.625 mg in Geoltles of 100 and 1.000. Also in umt dose package of 100. No. 
868— Each greentabiet contains 0.3 mg in bottles of 100 and 1,000. 

PHYSICIAN REFERENCES: 1 Zel, HK. ef at: N. Engi J. Med 293:1167-1170, 1975. 
2. Smith, D.C. etak N. Engi J. Med. 293:1164-1167. 1975.3. Mack. TM. ef ai N. Engl. J Med 

294:1262-1267, 1976.4. Weiss, NS. ef ai: N. Engl J. Med. 294.1259-1262. 1976. 5. Herbst. 
AL. elak N. Engl J Med. 284.878-881. 1971. 6. Greenwald. P, ef al) N. Engl J. Med. 
285:390-392, 1971.7. Lanier, A. et al. Mayo Clin Proc 48793-799, 1973. & Herbst, A. ef at: 

Obstet. Gynecol. 40787-298, 1972.9. Herbst, A. ef ai: Am. J. Obstet. Gynecol. 7118:607-615, 
1974 10. Herbst, A, et ak N. Engl J. Med. 292-334-399, 1975. 11. Stafi, A. et af: Obstet. 
Gynecol. 43:118-128, 1974 12. Sherman, Af, et ai: Obstet. Gynecol. 44531-545, 1974. 
13. Gal. Letal Nature 276.83, 1967. 14. Levy. EP. et al: Lancet 7611.1973. 15. Nora, J. etak 

Lancet 1941-942, 1973. 16.Janench, DT, ef at N. Engi J. Med. 29%:697-700, 1974. 
17. Boston Collaborative Drug Surveillance Program: N. Engi. J. Med. 29015-19, 1974. 
18. Hoover, R. ef al: N. Engl J. Med. 296:401-405, 1976. 19 Daniel, D. G. ef af: Lancet 
2.287-289, 1967. 20. The Veterans Administration Cooperative Urological Research Group: 
J. Urol. 98:516-522, 1967. 2°. Bailar, JC. Lancet 2.560, 1967 22 Biackard, C. et ai: Cancer 
26.249-256, 1970. 23. Royal Ccllege of General Practitioners: J.R. Coll. Gen. Pract. 
13.267-279, 1967. 23a. Roya! College of General Practitioners: Oral Contraceptives and 
Health, New York, Pitman Corp. 1974. 24 inman, WHW., etal: Br Med d. 2193-199, 1968. 
25. Vessey, MP. et ai: Br Med. J. 2651-657, 1969. 26. Sartwell, PE. et al: Am. J. Epidemiol, 
GO 365-380, 1969.27. Collaborative Group for the Study of Stroke in Young Women: N. Engi J. 
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3123-126, 1970. 34. Greene, GR. etal: Am. J. Public Health 62:680-685, 1972.35. Coronary 
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_ PERINATOLOGIST 


ighly respected teaching medical cen- 
ter has position available for Perinatol- 
-ogist. The successful candidate must be 


~ licensed by the State of California and 


be board certified or board eligible in 
Perinatology. We offer a beautiful en- 
vironment and VERY liberal benefit 
package. Salary negotiable. 


Submit CV to: 


Gilbert Kipnis, M.D. 
Vice-President 
Health Care Services 


| a - Huntington Memorial Hospital 


100 Congress Street 
Pasadena, CA 91105 


Or call Dr. Kipnis 
(213) 440-5168 


PERSONALIZED 
LIBRARY CASES 


Keep your personal copies of AMERICAN JOURNAL OF 

OBSTETRICS AND GYNECOLOGY in these specially 
designed library file cases. Designed to keep your journal 
copies near at hand in your office, library, or home. 

. . Your case is heavy bookbinder’s board in rich red Kivar 

cover., Files are scuff-resistant and washable. 

© Lettering is stamped in gold leaf and the cases make a fit 

i companion for the most costly binding. 

» Files are reasonably priced—only $3.95 each, postpaid (3 for 


E w 6 for $30.). Add $2.50 postage per case for orders outside 


/ US. Prepayment must be in U. S: funds only. Satisfaction 


7 . sanconditionally guaranteed or your money back! Use the 


a coupon for prompt shipment. 


Me evi fren sre) me eu ama mae aae APU AA ARMA aiii aa aiamaa Aie iie e a TAR Nevin RMS co eile ane aia aiee cain Harber 


: : Jesse Jones Box Corporation (est. 1843) 
P. ©. Box 5120 
Philadelphia, Pa. 19141 


Please send me, postpaid  Hbrary cases for 
AMERICAN JOURNAL OF OBSTETRICS AND 
GYNECOLOGY at $5.95 each (3/$17., 6/530.) 


O NEW SIZE (8%4”" x 11") 3 cases/year 

O OLD SIZE (744" x 1042") copies prior to 1975 
(2 cases/year) 

=o Name 

= Address aai 

po AY aaa a AID 









OBSTETRICIAN/ 
GYNECOLOGIST 





Board eligible/certified, 
to join the Anchorage 
or Fairbanks office 
of Alaska’s largest 
multi-specialty clinic. 
Generous guaranteed salary, 
benefits, 
and relocation allowance. 
Partnership opportunity. 


Contact: Administrator, 
Denali Medical Services, 
P.C., P.O. Box 1330, 
Fairbanks, Alaska 99707. 


BEHAVIORAL MEDICINE IN 
OBSTETRICS AND GYNECOLOGY 
UNIVERSITY OF MICHIGAN 
MEDICAL CENTER 


Applications are being accepted for a fellowship position in 
Behavioral Medicine in Obstetrics and Gynecology to begin 
July 1981. Candidates must have completed at least two 
years of residency in Obstetrics and Gynecology. Emphasis 
will be placed on phychosocial aspects of women’s health, - 
psychosomatic medicine and sexual/marital counselling. 
Salary will be commensurate with past experience. It is an- 
ticipated that this training program will prepare candidates _ 
for academic roles in the relatively new but rapidly growing 
field of Behavioral Medicine in Obstetrics and Gynecology. - 

Contact: 

John J. LaFerla, M.D. 

K2026 Holden Perinatal Unit 

University of Michigan Medical Center 

Anna Arbor, Michigan 48109 


The University of Michigan Medical Center is an equal op : 
portunity affirmative action employer. ee 





Proven highly effective for the 
treatment of serious infections* 


ae eae 
ete tos isceptible Feat of indicated 
pat indicated sites. 


ts i siti % 1980 by Merck 8 Co.. Inc. Ali rights reserved. 





Now Indicated 


for prophylaxis 
to reduce the incidence 


of certain postoperative 
infections complicating 


e GI surgery’ ¢ Vaginal hysterectomy’ e Cesarean section’ 


Providing a broad spectrum— including Bacteroides fragilis 


In controlled clinical trials, MEFOXIN” (Cefoxitin Sodium, MSD) 
reduced the incidence of certain postoperative infections 


with use limited to a 24-hour period following the operative procedure. 


hylactic administration should usually be 


stopped within 24 hours since continuing adminis- 
= tration of any antibiotic increases the possibility 


incision); then 2 grams every 6 hours for no more 
than 24 hours. 


#Cesarean-section patients: The first dose of 2 
po is administered intravenously as soon as 
e umbilical cord is clamped. The second and 

third doses should be given as 2 grams intra- 
venously or intramuscularly 4 hours and 8 hours 
after the first dose. Subsequent doses may be 
given every 6 hours for no more than 24 hours. 


For complete details on dosage and administra- 
tion, see full prescribing information. 


If there are signs of infection, specimens for 
culture should be obtained for the identification 


P 


of the causative organisms so that appropriate 
therapy may be instituted. 


MEFOXIN (Cefoxitin Sodium, MSD) is contra- 
indicated in patients who have shown hypersensi- 
Tayo cefoxitin and the cephalosporin group of 
antibiotics. Before therapy with MEFOXIN is 
instituted, careful inquiry should be made to deter- 
mine whether the patient has had previous hyper- 
sensitivity reactions to cefoxitin, cephalosporins, 
penicillins, or other drugs. This product should be 
given with caution to penicillin-sensitive patients. 
Antibiotics should be administered with caution to 
any patient who has demonstrated some form cf 
allergy, particularly to drugs. If an allergic reaction 
to MEFOXIN occurs, discontinue the drug. Serious 
hypersensitivity reactions may require epineph- 
rine and other emergency measures. Use of the 
drug in women of childbearing potential requires 
that the anticipated benefit be weighed 

against the possible risks. 


For a brief summary of prescribing information, 
please see following page. 





Mefoxin DA 


(Cefoxitin Sodium|MSD) 


Indications and Usage: Treatment- Serious infections caused by 
susceptible strains of the designated microorganisms in the following 
diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia 
and lung abscess, caused by Streptococcus pneumoniae (formerly 
Diplococcus pneumoniae), other streptococci (excluding enterococci, 
e.g., Strep. faecalis), Staphylococcus aureus (penicillinase and non- 
penicillinase producing), Escherichia coli, Klebsiella species, 
Hemophilus influenzae, and Bacteroides species. 

GENITOURINARY INFECTIONS. Urinary tract infections caused by 

E. coli, Klebsiella species, Proteus mirabilis, indole-positive Proteus 
(i.e., P morganii, P rettgeri, and P vulgaris), and Providencia species. 
Uncomplicated gonorrhea due to Neisseria gonorrhoeae. 
INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra- 
abdominal abscess, caused by E. coli, Klebsiella species, Bacteroides 
species including the B. fragilis group,? and Clostridium species. 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellu- 
litis, and pelvic inflammatory disease, caused by E. coli, N. gonor- 
rhoeae, Bacteroides species including the B. fragilis group,t 


Clostridium species, Peptococcus species, Peptostreptococcus species, 


and group B streptococci. 

SEPTICEMIA caused by Strep. pneumoniae (formerly D. pneu- 
moniae ), Staph. aureus (penicillinase and non-penicillinase 
producing), E. coli, Klebsiella species, and Bacteroides species 
including the B. fragilis group.t 

BONE AND JOINT INFECTIONS caused by Staph. aureus (penicil- 
linase and non-penicillinase producing). 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus 
(penicillinase and non-penicillinase producing), Staph. epidermidis, 
streptococci (excluding enterococci, e.g., Strep. faecalis), E. coli, 

P mirabilis, Klebsiella species, Bacteroides species including the B. 
fragilis group,? Clostridium species, Peptococcus species, and Pepto- 
streptococcus species. 

Although appropriate culture and susceptibility studies should be 
performed, therapy may be started while awaiting these results. Cefox- 
itin is not active in vitro against most strains of Pseudomonas aerugi- 
nosa and enterococci (e.g., Strep. faecalis) and many strains of 
Enterobacter cloacae. Methicillin-resistant staphylococci are almost 
uniformly resistant to cefoxitin. 

Prevention— Prophylactic use perioperatively (preoperatively, 
intraoperatively, and postoperatively) in surgical procedures (e.g., vagi- 
nal hysterectomy, gastrointestinal surgery) classified as contaminated 
or potentially contaminated or in patients in whom infection at the 
operative site would present a serious risk, e.g., prosthetic arthroplasty; 
intraoperatively (after umbilical cord is clamped) and postoperatively in 
cesarean section. 

MEFOXIN usually should be given 2 to 1 hour before the operation, 
which is sufficient time to achieve effective levels in the wound during 
the procedure. Prophylactic administration should usually be stopped 
within 24 hours since continuing administration of any antibiotic 
incteases the possibility of adverse reactions but, in the majority of 
surgical procedures, does not reduce the incidence of subsequent 
infection. However, in patients undergoing prosthetic arthroplasty, it is 
recommended that MEFOXIN be continued for 72 hours after the 
surgical procedure. If there are signs of infection, specimens for culture 
should be obtained for the identification of the causative organism so 
that appropriate therapy may be instituted. 

Contraindications: Previous hypersensitivity to cefoxitin and the 
cephalosporin group of antibiotics. 

Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE PREVIOUS HYPERSENSITIVITY 
REACTIONS TO CEFOXITIN, CEPHALOSPORINS, PENICILLINS, OR 





OTHER DRUGS. GIVE WITH CAUTION TO PENICILLIN-SENSITIVE 
PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME 
FORM OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC 
REACTION TO CEFOXITIN OCCURS, DISCONTINUE THE DRUG. 
SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPH- 
RINE AND OTHER EMERGENCY MEASURES. 

Precautions: The total daily dose should be reduced in patients with 
transient or persistent reduction of urinary output due to renal insuffi- 
ciency because high and prolonged serum antibiotic concentrations 
can occur in such individuals from usual doses. As with other anti- 
biotics, prolonged use may result in overgrowth of nonsusceptible 
organisms; repeated evaluation of the patient's condition is essential. If 
superinfection occurs, take appropriate measures. Increased nephro- 
toxicity has been reported following concomitant administration of 
cephalosporins and aminoglycoside antibiotics. 

Interference with Laboratory Tests —As with cephalothin, high concen- 
trations (> 100 mcg/m!) may interfere with measurement of serum and 
urine creatinine levels by the Jaffe reaction and produce false increases 
of modest degree in creatinine levels reported; serum samples should 
not be analyzed for creatinine if withdrawn within 2 hours of cefoxitin 
administration. A false-positive reaction for glucose in urine has been 
observed with CLINITEST® reagent tablets. 

Pregnancy —|n women of childbearing potential, weigh anticipated 
benefit against possible risks. 

Nursing Mothers —Cefoxitin is excreted in human milk in low 
concentrations. 

Infants and Children —Safety and efficacy in infants from birth to three 
months have not yet been established. In children three months and 
older, higher doses have been associated with increased incidence of 
eosinophilia and elevated SGOT. 

Adverse Reactions: The most common adverse reactions have been 
ocal reactions following intravenous or intramuscular injection. Other 
adverse reactions have been encountered infrequently. Local Reac- 
tions —Thrombophlebitis with intravenous administration; pain, 
induration, and tenderness after intramuscular injections. Allergic 
Reactions —Rash, pruritus, eosinophilia, fever, and other allergic reac- 
tions. Gastrointestinal — Nausea, vomiting, and diarrhea. Blood — 
Transient eosinophilia, leukopenia, neutropenia, and hemolytic anemia; 
a positive direct Coombs test may develop in some individuals, espe- 
cially those with azotemia. Liver Function — Transient elevations in 
SGOT, SGPT, serum LDH, and serum alkaline phosphatase. Renal 
Function —Elevations in serum creatinine and/or blood urea 

nitrogen levels. 

Note: In group A beta-hemolytic streptococcal infections, therapy 
should be maintained for at least 10 days to guard against the risk of 
rheumatic fever or glomerulonephritis. In staphylococcal and other 
infections involving a collection of pus, surgical drainage should be 
carried out where indicated. Intramuscular injections should be well 
within the body of a relatively large muscle such as the upper outer 
quadrant of the buttock (i.e., gluteus maximus); aspiration is necessary 
to avoid inadvertent injection into a blood vessel. The total daily dosage 
in infants and children should not exceed 12 grams. 

How Supplied: Sterile cefoxitin sodium in vials and infusion bottles 
containing 1 gram or 2 grams cefoxitin equivalent. 

For more detailed information, consult your MSD representative or see 
full prescribing information. Merck Sharp & Dohme, MSD 
Division of Merck & Co., INC.. West Point, PA 19486 nth Aan mand 


+B. fragilis, B. distasonis, B. ovatus, B. thetaiotaomicron, B. vulgatus 
$Registered trademark of Ames Company, Division of Miles Laboratories, Inc. 
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OVCON'35 


21 peach tablets of norethindrone 0.4 mg and ethinyl estradiol 0.035 mg. 
Each green tablet in the 28-day regimen contains inert ingredients 


Itssafe 
Its effective 
and its lower dose 


For Brief Summary, see next page. 









‘OVCON-35 


21 peach tablets of norethindrone 0.4 mg and 
ethinyl estradiol 0.035 mg. Each green tablet 
in the 28-day regimen contains inert ingredients. 


Indications and Usage: Ovcon is indicated for the prevention of pregnancy. Some combination 
products containing 35 mcg. or less of ethinyl estradiol report slightly higher pregnancy rates than 
are reported for the higher dose combination products. 

Contraindications: Oral contraceptives should not be used in women with any of the following 
conditions: 1) Thrombophiebitis or thromboembolic disorders. 2) A past history of deep vein 
thrombophiebitis or thromboembolic disorders. 3) Cerebral vascular or coronary artery disease. 
4) Known or suspected carcinoma of the breast. 5) Known or suspected estrogen dependent 
naper 6) Undiagnosed abnormal genital bleeding. 7) Known or suspected pregnancy. 
‘Warnings: 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral 
contraceptive use. Women who use oral contraceptives should be sirongly advised notte smoke. 
| Use of oral contraceptives is associated with increased risk of several serious conditions, 

including thromboembolism, stroke, myocardial infarction, hepatic adenoma, gallbladder 
disease, hypertension. Practitioners prescribing oral contraceptives should be familiar with the 
following information relating to these risks. 









1) Thramboembotic Disorders and Other Vascular Problems. An increased risk of thromboembolic and 
thrombotic disease associated with use of oral contraceptives is well established. Three principal 
studies in Great Britain and three in the United States have demonstrated an increased risk of fatal and 
- nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies 
estimate that users of oral contraceptives are 4 to 1] times more likely than nonusers to develop these 
. diseases without evident cause. ina study of cerebrovascular disorders in women with and without 
predisposing causes. it was estimated that the risk of hernorrhagic stroke was 2.0 times greater than 
nonusers and the risk of thrombotic stroke was 4to 9. S times greater Anincreased risk of myocardial 
infarction associated with the use of oral contraceptives has been reported. Studies conducted inthe 
United Kingdom found that the greater the number of underlying risk factors for coronary artery 
disease {cigarette smoking. hypertension. hypercholesterolemia. obesity. diabetes. history of 
preeciamptic toxemia) the higher the risk of developing myocardial infarction, regardless of whether 
the patient was an oral contraceptive user or not. Oral contraceptives, however, were found to be a 
clear additional risk factor. interms of relative risk, it has been estimated that oral contraceptive users 
who do not smoke (smoking considered a major predisposing condition to myocardial infarction) are 
about twice as likely to have a fatal myocardial infarction comparec to nonusers who do not smoke 
Oral contraceptive users who smoke have abouta 5-fold increased risk of fatal infarction compared to 
users who do not smoke but about a 10- to 12-fold increased risk compared to nonusers who do not 
smoke. The amount of smoking is a very important factor. British investigators concluded that the 
risk of thromboembolism including coronary thrombosis is directly related to the dose of estrogen 
used in oral contraceptives: preparations containing 100 meg. or more of estrogen were associated 
with a higher risk of thromboembolism than those containing 50-80 meg. of estrogen. The relative 
risk of thromboembolic disease associated with progestin-only orai contraceptives has not been 
determined. Cases of thromboembolic disease have been reported in women using progestin-only 
products, and they should not be presumed to be risk-free. The overall excess mortality rate annually 
from circulatory diseases for oral contraceptive users was estimated to be 20 per 100.000 (ages 
15-35, 5/100,000: ages 35-44, 33/100.000: ages 45-49, 140/100.000). the risk being 
concentrated in older women. in those with a long duration of use. and in cigarette smokers. The 
highest risk was found in heavy cigarette smokers (15 or more cigarettes per day} who used oral 
contraceptives and were aged 40 or vider. Women who smoke should be advised not fo use oral 
contraceptives. The use of oral contraceptives in women over age 40 with other risk factors is not 
recommended. The mortality associated with all of the methods of birth control is low compared to 
the risk of childbirth, with the exception of oral contraceptive users who smoke and are over age 40 
The lowest mortality is associated with the condom or diaphragm backed up by early abortion. The 
risk of thromboembolic and thrombotic disease associated with oral contraceptives increases with 
age after approximately age 30 and for myocardial infarction is further increased by hypertension. 
>- .hypercholesteroiemia, obesity. diabetes, or history of preeclamptic toxemia, and especially by 
-cigarette smoking. The physician and the patient should be alert to the earliest manifestations of 
thromboembolic and thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, cere 
brovascular insufficiency, coronary occlusion. retinal thrombosis and mesenteric thrombosis) 
. Should any of these occur or be suspected, the drug should be discontinued immediately, H feasible 
oral contraceptives should be discontinued at least 4 weeks before surgery of a type associated with 
an increased risk of thromboembolism or prolonged immobilization. 2} Ocular Lesions. There have 
been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis associated with the 
use of oral contraceptives. Discontinue the medication if there is unexplained sudden or gradual, 
partial or complete loss of vision, sudden onset of proptosis or diplopia: papiltedema, or retinal 
= vascular lesions, and institute appropriate diagnostic and therapeutic measures, 3) Carcinoma. 
_ Long term administration of either natural or synthetic estrogen in certain animal species increases 
the frequency of carcinoma of the breast, cervix. vagina and liver. Inhumans, one study investigated 
* the first 21 cases of endometrial adenocarcinoma in women on oral contraceptives reported to a 
_ tegistry. Of those women without predisposing risk factors for this disease. nearly all occurred in 
women who had used a sequential oral contraceptive. No evidence has been reported suggesting an 
increased risk of endometrial cancer in users of conventional combination or progestin-only oral 
contraceptives. No increase in breast cancer in women taking oral contraceptives has been reported 
although one study reported an increased risk of breast cancer in subgroups of women treated using 
oral contraceptives with documented benign breast disease. There is at present no confirmed 
evidence from human studies of an increased risk of cancer associated with oral contraceptives. 
Close clinical surveillance of all women taking oral contraceptives is essential, in all cases of 
undiagnosed persistent or recurrent abnormal vaginal bleeding. appropriate diagnostic measures 
should be taken to rule out malignancy. Women with a strong family history of breast cancer or who 
have breast nodules, fibrocystic disease or abnormal mammograms should be monitored with 
particular care if they elect to use oral contraceptives. 4) Hepatic Adenoma. Benign hepatic adenomas 
have been found to be associated with the use of oral contraceptives. One study reported a higher risk 
associated with oral contraceptive formulations with high harmonal potency. Although benign and 
rare, hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. 
This has been reported in short term as well as long term users of oral contraceptives. Two studies 
relate the risk with duration of contraceptive use, the risk being much greater after 4 or more years of 
oral contraceptive use. While hepatic adenoma is a rare lesion, it should be considered in women 
presenting abdominal painand tenderness, abdominal mass, or shack. A few cases of hepatocellular 
carcinoma have bees reported in women taking oral contraceptives. The relationship of these drugs 
to this type of mah ananey is not known at this time. 5) Usein Pregnancy, Birth Defects in Offspring and 
Malignancy in Female Offspring. Fetal abnormalities have been reported to occur in the offspring of 
women who have taken progestogens and/or estrogens during pregnancy. It has been shown that 
females exposed in utero to diethylstibestrol, a nonsteroidal estrogen, have an increased risk of 
developing in tater life a form of vaginal or cervical cancer that is ordinarily extremely rare. A high 
percentage of such exposed women (30% to 90%) have been found to have epithelial changes of the 
vagina and cervix. Although these changes are histologically benign it is not known whether this 
condition is a precursor of vaginal malignancy. Male children so exposed may develop abnormalities 
of the urogenital tract. Similar data are not available with the use of other estrogens but it cannot be 
presumed that they would not induce similar changes. The data suggest that the riskof limb reduction 
defects in exposed fetuses is somewhat less than 1 in 1000 live births. in the past. female sex 
hormones have been used during pregnancy in an attempt to treat threatened or habitual abortion 
There is considerable evidence that estrogens are ineffective for these indications and there is no 
avidence from well-controlled studies that progestins are effective for these uses. Increases in 
chromesomal aberrations have been reported in women who become pregnant soon after ceasing 
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oral contraceptive therapy. Embryos with these anomalies are virtually always spontaneously 
aborted. Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon 
after stopping oral contraceptives is unknown. it is recommended that for any patient who has 
missed two consecutive periods, pregnancy should be ruled out before continuing the contraceptive 
regimen. If the patient has not adhered to the prescribed schedule. the possibility of pregnancy 
should be considered at the time of the first missed period and further use of ora! contraceptives 
should be withheld until pregnancy has been ruled out. If pregnancy is confirmed the patient should 
be apprised of the potential risks to the fetus and the advisability of pregnancy continuation should be 
discussed in light of these risks. It is also recommended that women who discontinue oral 
contraceptives with the intent of becoming pregnant use an alternate form of contraception for a 
period of time before attempting to conceive. Many clinicians recommend three months. 
Administration of progestin- only or progestin-estrogen combinations to induce withdrawal bleeding 
should not be used as a test for pregnancy. 6} Gall Bladder Disease. Studies have reported an 
increased risk of surgically confirmed gallbladder disease appearing after one year of oral 
contraceptive use and doubling of the risk after 4 or 5 years of use. 5) Carbohydrate and Lipid 
Metabolic Effects. A decrease in glucose tolerance has been observed in a significant percentage of 
patients on oral contraceptives. For this reason, prediabetic and diabetic patients should be carefully 
observed while receiving oral contraceptives. Increased serum levels of triglycerides and tota! 
phospholipids have been observed in oral contraceptive users. The clinical significance of this 
observation is unknown at this time. 8) Elevated Blood Pressure. An increase in bloog pressure has 
been reported in women receiving oral contraceptives. The prevalence of hypertension in oral 
contraceptive users may be no higher than nonusers in the first year of oral contraceptive use but 
increases with longer exposure and in the fifth year of use is two and one-half to three times the 
reported prevalence in the first year. Women who previously had hypertension during pregnancy may 

be more likely to develop elevation of blood pressure when given oral contraceptives. 9) Headaches. 

The onset or exacerbation of migraine or development of headache of a new pattern which is re- 

current, persistent of severe. requires discontinuation of oral contraceptives and investigation of the 
cause. 10) Bleeding irregularities. Breakthrough bleeding. spotting and amenorrhea are frequent 

reasons for patients discontinuing oral contraceptives. in breakthrough bleeding, as in all cases of 
irregular bleeding from the vagina. nonfunctional causes should be borne in mind. In undiagnosed 
persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures are 
indicated to rule out pregnancy or malignancy. if pathology has been excluded. time ar change to 
another formulation may solve the problem. Changing to an oral contraceptive with a higner estrogen 

content. while potentially useful in minimizing menstrual irregularity. should be done only if 

necessary since this may increase the risk of thromboembolic disease. Women with a past history of 

oligomenorrhea or Secondary amenorrhea of young women without regular cycles may have a 

tendency to remain anovulatory of to become amenorrheic after discontinuation of orai contracep- 

tives. Women with these preexisting problems should be advised of this possibility and encouraged 

to use other contraceptive methods. 11) Ectopic Pregnancy. Ectopic as weil as intrauterine pregnancy 

may occur in contraceptive failures. However, in oral contraceptive failures. the ratio of ectopic to 

intrauterine pregnancies is higher than in women not using oral contraceptives since the drugs are 

more effective in preventing intrauterine rather than ectopic pregnancy. The higher ectopic- 

intrauterine ratio has been reported with both combination products and progestia-only oral 

contraceptives. 12) Breast Feeding. A small fraction of the hormonal agents in oral contraceptives has 

been identified in the milk of mothers receiving these drugs. The long-range effect to the nursing 

infant cannot be determined at this time 

Precautions: 1} A complete medical and family history should be taken prior to the initiation of oral 
contraceptives. Examination should include special reference to blood pressure. breasts. abdomen 
and pelvic organs. including Papanicolaou smear and relevant laboratory tests. As a general rule, oral 
contraceptives should not be prescribed for longer than 1 year without another physical examination 
being performed. 2) Under the influence of estrogen- progestogen preparations. preexisting uterine 
leiomyomata may increase in size. 3} Patients with a history of psychic depression should be 
carefully observed and the drug discontinued if depression recurs to a serious degree. 4) Because 
oral contraceptives may cause some degree of fluid retention. conditions which might be aggravated 
by fluidretention, such as convulsive disorders. migraine syndrome, cardiac or renal insufticiency or 
asthma require caretul observation. 5) Patients with a past history of jaundice during pregnancy have 
an increased risk of recurrence of jaundice while receiving oral contraceptive therapy. If jaundice 
develops in any patient receiving such drugs, the medication should be discontinued. &) Steroid 
hormones may be poorly metabolized in patients with impaired liver function and should be 
administered with caution in such patients. 7) Oral contraceptive users may have disturbances in 
normal tryptophan metabolism which may result in a relative pyridoxine deficiency. The clinical 
significance of this is yet to be determined. 8) Serum folate levels may be depressed by oral 
contraceptive therapy. This may complicate subsequent pregnancy with regard to folate deficiency. 

9} The pathologist should be advised of oral contraceptive therapy when relevant specimens are 
submitted. 10) Certain endocrine and liver function tests and blood components may be. affected by 
astrogen-containing oral contraceptives: a. Increased sulfobromophthalein retention b. Increased 
prothrombin and factors Vil, Vill. IX. and X; decreased antithrombin 3: increased norepinephrine- 
induced platelet aggregability. c. Increased thyroid binding globulin (TBG) leading to increased 
circulating total thyroid hormone, as measured by protein-bound iodine (PBI), Te by column. or Ta zi 
radioimmunoassay. Free T, resin uptake is decreased. reflecting the elevated TBG. free h 
concentration is unaltered. d. Decreased pregnanedio! excretion. e. Reduced response to 
metyrapone test. 

information for the Patient: Detailed Patient Labeling has been prepared for use by the patient and has 
been made available for distribution by the pharmacist. 

Drug interactions: Reduced efficacy and increased incidence of breakthrough bleeding have been 
associated with concomitant use of rifampin. A similar association has been suggested with 
barbiturates, phenytbutazone, phenytoin sodium and ampicillin. 

Adverse Reactions: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see Warnings}: Thrombophlebitis, pulmonary embolism, 
coronary thrombosis, cerebral thrombosis. cerebral hemorrhage, hypertension, gall bladder 
disease. congenital anomalies. There is evidence of an association between the following conditions 
and the use of oral contraceptives, although additional confirmatory studies are needed: Mesenteric 
thrombosis. benign hepatomas: neuro-ocular lesions. e.g.. retinal thrombosis and optic neuritis. 
The following adverse reactions have been reported in patients receiving oral contraceptives and are 
believed to be drug related: Nausea and/or vomiting, usually the most common adverse reactions, 
occur in approximately 10% or less of patients during the first cycle (Other reactions, as a general 
rule, are seen much less frequently of only occasionally.}: gastrointestinal symptoms (such as 
abdominal cramps and bloating): breakthrough bleeding: spotting: change in menstrual flow, 
dysmenorrhea: amenorrhea during and after treatment. temporary infertility after discontinuance of 
treatment. edema: chloasma or melasma which may persist: breast changes (tenderness, 
enlargement, and secretion); change in weight {increase or decrease}. change in cervical erosion and 
cervical secretion, possible diminution in lactation when given immediately postpartum. cholestatic 
jaundice: migraine: increase in size of uterine leiamyomata. rash (allergic); mental depression, 
reduced tolerance to carbohydrates: vaginal candidiasis. The following adverse reactions have been 
reported in users of oral contraceptives. and the association has been neither contirmed nor refuted: 
Premenstrual-like syndrome, intolerance to contact lenses. change in corneal curvature (steepen- 
ing). cataracts, changes in libido, choréa, changes in appetite. cystitis-like syndrome, headache. 
nervousness, dizziness. hirsutism. loss of scalp hair, erythema multiforme, erythema nodosum, 
hemorrhagic eruption, vaginitis, porphyria, impaired renal function. 

Acute Overdosage: Serious ill effects have not been reported following acute ingestion of large doses 
of oral contraceptives by young children, Overdosage may cause nausea. and withdrawal bleeding 


may occur in females. 


PHARMACEUTICAL DIVISION 


©1979 MEAD JOHNSON & COMPANY + EVANSVILLE. INDIANA 47721 USA MJL 9.4490 





Changes in gl ycosaminoglyc an con 





position of 


‘normal human placentas with maturation 
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Crude. glycosaminoglycan preparations were isclated from acetone-powder of first-, second-, and 
third-trimester human placentas. Glycosaminoglycan composition was examined by electrophoresis 
and densitometric scanning before and after treatment with testicular hyaluronidase and 
chondroitinase ABC. Hexosamines were determined in electrophoretic fractions in order to identity 
the individual glycosaminoglycans. The results showed a decrease in glycosaminoglycans and an 
increase in protein contents in the preparations as the placenta matured. The main 
glycosaminoglycans in all placentas were dermatan sulfate, chondroitin sulfates, hyaluronic acid, 
and heparan sulfate. With aging of the placenta, the proportion of hyaluronic acid remained 
unchanged and that of chondroitin sulfate decreased, whereas the proportions of dermatan and 
heparan sulfates increased. Age-dependent changes in the glycosaminoglycan composition of the 
placenta appear to follow a pattern similar to that reported for other mammalian tissues. 


(Am. J. OBSTET. GYNECOL. 138: :763, 1980.) 








circulations might be of great importance in the regu- 2 
lation of the intensive exc hange of materials. The study 


THE PLACENTA isa highly R E organ and the 
physicoc hemical properties of | the connective ussue 
components interposed between the maternal and fetal 
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of the glycosaminoglycan (GAG) composition of the. 
placenta is of considerable interest in view of the role 


played by these constituents of connective. tissue in a 


transport processes. Several works have been: published | 


on the content and characterization of human placental 


GAG,*? but, possibly” because of differences in ana- 
lytical procedures, there is no complete agreement 
concerning the composition. 

Furthermor e, information on changes in the content 
of these substances occurring with maturation of the 
placenta is very scanty. We believe that investigation of - 
these changes could be of importance when dealing 
with a short-lived organ undergoing a rapid develop- 


ment, in view of the widely reported quantitative aos n 
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Fig. 1. Electrophoretic separation of GAG in crude preparations from placentas at three stages of 
development. The separation was carried out on cellulose acetate in 0.1M cadmium acetate buffer, 
pH 4.0, 0.8 mA/cm for 1 to 2 hours. Markers in the order of migration were HA, HS, DS, and CS, 
which appear at the right edge of each electrophoretogram. The figures at the bottom represent the 
number of the preparation (see Table D in each trimester. 


Table I. Yield and composition of crude GAG preparations from placentas in various stages of development 











Yield of crude GAG 
preparation in dry 
defatted tissue (%) 






Trimester of 
pregnancy 


No. of 
placenta 





I l 4,22 
2 5.53 
3 3.84 
4 3.34 
5 2.65 
Mean + SD 3.92 + 1.07 
il l 1.68 
2 1.52 
3 1.35 
Mean + SD 1.52 + 0.16 
lll l 1.74 
2 1.93 
3 L68 
4 1.74 
5 1.38 


Mean + SD 1.69 + 0.20 









Uronte acid 
in dry defatted 
tissue (%) 


Uronie acid 
in GAG 
preparation (%) 






Protem m GAG 
preparation (%) 











20.4 7.8 0.86 
19.6 5.0 1.08 
13.7 5.0 0.53 
20.4 5.6 0.68 
16.7 12.3 0.44 
18.2 + 2.9 Tbe 3A 0.72 + 0.25 
12.1 6.7 0.20 
14.6 vis 0.22 
12.5 10.6 0.17 
ii 13 8.2 + 2.1] 0.20 + 0.02 
9.6 20.0 O17 
8.3 24.0 0.16 
12.5 15.0 0.2] 
10.4 20.0 0.18 
10.8 17.0 0.15 


10.3 + 1.5 19.2 + 3.4 0.17 + 0.02 





qualitative alterations taking place in GAG of various 
organs and biologic fluids with development and 
aging. 7 

The present work was designed to characterize the 
GAG of the normal human placenta at term and at two 
additional stages of development. 


Material and methods 


Five first-trimester and three second-trimester pla- 
centas collected after therapeutic abortions, and five 
normal term placentas obtained after spontaneous de- 
livery were used. After being freed from the umbilical 
cord and the chorioallantoic membrane with the large 
blood vessels attached, the placentas were homoge- 


nized in acetone. After several daily changes of ace- 
tone, the tissue was defatted with petrol ether, dried in 
air, and ground to a fine powder. 

The isolation of GAG was carried out according to 
the procedure of Curwen and Smith, as follows. After 
heating in a boiling water bath for 20 minutes in order 
to inactivate hydrolytic enzymes, a suspension of the 
powder in 0.2M Tris buffer, pH 8.0, was treated with 
pronase (B grade, Calbiochem, 100 ug/mg of dry de- 
fatted tissue) at 37° C for 48 hours. An additional pro- 
teolyuc digestion was carried out with crude papain (5 
wg/meg of dry defatted tissue, Sigma Chemical Co.) in 
0.1M phosphate buffer, pH 7.0, containing 0.01M cys- 
teine and 0.01M ethylenediaminetetra-acetic acid, at 
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C= Digested with legaadi ABC 


Fig. 2. Electrophoretic separation of GAG in preparations after degradation with tesucular 
hyaluronidase (H) and chondroitinase ABC (C). Markers in the order of migration were HS and DS 
(third path) and HA and CS (fourth path). Conditions and signs as in Fig. 


65° C for 24 hours. The digest was treated with 
trichloroaceuc acid (final concentration, 5%) tor 4 
hours at 4° C. After centrifugation, the GAG were re- 
covered from the supernatant by precipitation with 
three volumes of cold 5% potassium acetate in absolute 
ethanol. The precipitate was then washed successively 
with absolute ethanol, ethanol:ether (1:1), and, 
finally, ether. Nucleic acids were eliminated by incuba- 
tion of the preparations at 37° C for 16 hours with 
deoxyribonuclease (25 ug/ml, Schwarz/Mann) and 
ribonuclease (10 ug/ml, Calbiochem) in 0.05M phos- 
phate buffer, pH 7.0, containing 0.005M MgCl. After 
dialysis for 4 days against distilled water, the retentate 
was lyophilized. The residue was then dissolved in wa- 
ter, and the GAG were precipitated with three volumes 
of 5% potassium acetate in ethanol. The crude prep- 
arations obtained were weighed. 

Uronic acid was determined according to the method 
of Bitter and Muir,’ and protein by the method of 
Lowry and associates’? with the use of bovine serum 
albumin (Nutritional Biochemicals) as standard. 

Electrophoretic separation of GAG was carried out 
on cellulose acetate with the use of 0.1M auc ace- 
tate buffer, pH 4.0, and 0.8 mA/cm for I to 2 hours.’ 
The individual fractions were located by staining with 
0.2% alcian blue 8 GN (Matheson, Coleman & Bell) in 
ethanol: glacial acetic acid : water (100: 50: 850) and de- 
stained with 7.5% acetic acid. Quantitation of individual 
GAG was performed by densitometric scanning at 525 


nm with the Helena autoscanner. Marker GAG were 
obtained from Dr. Cifonelli, University of Chicago. 
For better identification of individual GAG the prep- 
rations were treated either with testicular hyaluroni- 
dase (Sigma), 70 U/mg in 0.1M acetate buffer-0.15M 
NaCl, pH 5.0, at 37° C for 24 hours, or with chon- 
droitinase ABC (Seikagaku Kogyo Co), 0.2 U/mg in 
enriched Tris buffer at 37° C for 24 hours. © The undi- 
gested material, consisting of the unsusceptible GAG, 
was precipitated with ethanol~5% potassium acetate, 
separated by cellulose acetate electrophoresis as de- 
scribed above, and located with alcian blue. GAG from 
other electrophoresis strips were recovered, after stain- 
ing with 0.05% toluidine blue in 80% ethanol, by de- 
staining successively with 0.2M ammonium hydroxide 
in 80% ethanol and in 80% ethanol and by elution with 
water.? The eluate served for the identification of 
hexosamines made by paper chromatography" of hy- 
drolyzates in 4N HC] at 100° C for 6 hours. 


Results 


The yields by weight of crude preparations, the con- 
centrations of uronic acid (which is a measure of GAG 
content) and of protein, as well as the final recovery of 
uronic acid from the dry defatted tissue are presented 
in Table I. It can be seen that the yields of the prepara- 
tions obtained from first-trimester placentas are con- 
sicerably higher than those of preparations obtained 
from placentas in the other stages of development, and 
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re of HS (band 2) and possibly HA, which has 


een shown" to be partially resistant to chondroitinase 


r \BC under the conditions used. 
<- Further support for the identity of bands 2 and 3 was 
odei by hexosamine analysis, which was carried 
out in eluates from electrophoretograms after diges- 
tion with testicular hyaluronidase, by means of paper 
chromatography. Thus, band 3 gave one spot corre- 


sponding to galac tosamine, which is a constituent of 


DS. Band 2 showed a main spot corresponding to glu- 


_cosamine, which points to the presence of HS, and a 


-. minor spot of galactosamine, which could originate 
- from small amounts of partly degraded DS. It has been 


| oe reported i in this connection that placental DS is some 





on what degradable by testicular hyaluronidase.? 


© From these experiments, the conclusion can be ma 
drawn that the main GAG of the placentas at all stages — 


“examined are DS, C4/6S, HA, and HS. The reason for 
lack of a thorough correspondence of electrophoretic 
mobilities with reference markers has not been eltici- 
dated but most probably can be attributed to the varta- 
tions in molecular size and degree of sulfation charac- 

i terizing this class of compounds. 

og The mean proportions of individual GAG in the 
preparations from the placentas of the three stages, 
obtained by scanning densitometry of electrophoreto- 
grams, performed in triplicate, are shown in Table II. 
It is seen that the proportion of HA, amounting to 
about 20%, does not change significantly with the de- 
velopment of placenta. HS was higher in term placenta 
than in the placenta of earlier stages. Of significance 
was the increase in the proportion of DS and the de- 
crease in C4/6S that occurred after the first trimester. 
It is of interest that neither substance showed any 

marked differences in concentrations between the sec- 

~~ ond and third trimesters. 

. The differences in the proportions of individual 

GAG between the youngest-state placenta and term 

placenta are illustrated in Fig. 3. 







Comment 


. < human placenta are DS, C4/6S, HA, and HS. In this 


respect, the results are in accordance with those of 


other works,’ * although there is no complete agree- 
< ment with regard to their proportions, which may be 
_ due to differences in analytical procedures. 

Several changes in the total content and in composi- 
tion of GAG have been found with maturation of the 
placenta. Thus, first-trimester placentas were shown to 
© contain higher percentages of GAG in dry tissue than 
did older ones. In this respect, placental tissue follows 
_ the general pattern of age changes observed in other 





The present work shows that the main GAG of 


tissues.’ It should be noted also that crude GAG prep- 
arations obtained from young placentas contained 
higher percentages of GAG and had a lower residual 
protein content after proteolytic digestions than did 
older ones, It is” ‘of interest in this connection that an 


increasing resistance of protein associated with GAG to 
nes hoe pat aac by us to occur 


proteolytic € 







The pro e 
u nchang 
slightly- 


an after the: first trimester. These ie are 


-in general agreement with the findings of Lee and as- 


sociates,? except for the very slight changes in C4/6S 
reported by those authors. In contrast, Lovell and as- 
sociates® failed to detect age-related changes except for 
an increase in the sulfation of C6S. Alterations in GAG 
distribution with advancing age in various organs have 
been widely reported,*”‘ although the nature of them 
may vary according to tissue. The general tendency 
appears to be an increase in HS and DS at the expense 
of HA and C4/6S, together with an increase in sulfa- 
tion. In the placenta, however, the proportion of HA 
does not seem to decrease during its development. This 
might be related to the role played by this substance in 
permeability phenomena, as well as in the state of hy- 
dration and swelling capacity of the tssue,'? which 
could be decisive in the prevention of compression of 
the placenta.” With regard to HS and DS, the increase 
in them with maturation might be related to the devel- 
opment of the villous tree blood vasculature, which has 
been reported to contain these compounds." 

It is interesting to point out that major changes in the 
GAG pattern occur in the first trimester and that no 
marked differences could be observed thereafter. This 
might be related to the fact that early in the second 
trimester the placenta completes its general differ- 
entiation and organization as a definite organ, and 
thereafter growth takes place primarily by the en- 
largement of fetal cotyledons formed previously.'® A 
similar phenomenon has been observed in chicken 
skin? Thus, the pattern of GAG in the skin of 
4-week-old chickens was closer to that in the skin of 
23-month-old chickens than to that in the skin of newly 
hatched chickens. 

This work, performed on normal tssue, could serve 
as a basis for comparison with pathologic placentas and 
for a better understanding of the possible involvement 
of the GAG in the development of abnormal conditions. 

We wish to thank Mrs. Y. Herzig for performing the 
densitometric scanning. 
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Crude glycosaminoglycans were prepared from acetone powder of diabetic, toxemic, and normal 
term placentas. Glycosaminoglycan composition was determined by electrophoresis and je 
densitometric scanning with and without treatment with testicular hyaluronidase and chondroitinase 
ABC. The identity of individual glycosaminoglycans was confirmed by the nature of their 
hexosamine. Glycosaminoglycan content was found to be significantly increased in diabetic | 
placentas and increased to a lesser degree in the toxemic placentas. The amount of hyaluronic acid 
was elevated in both abnormal tissues, and heparan sulfate was slightly higher in diabetes, while 
unchanged in toxemia. Dermatan sulfate was markedly reduced in the abnormal placentas while 
chondroitin 4/6 sulfate was unaltered, An attempt was made to correlate the histopathologic 

changes reported to occur in these conditions with the alterations in the glycosaminoglycans 
patterns of placentas. (AM. J. OBSTET. GYNECOL. 138:769, 1980.) 


THE VASCULOSYNCYTIAL MEMBRANE of the pla- 
centa is very active in the transfer processes of this 
organ and the physicochemical properties of the com- 
ponents of its connective tissue may be involved in the 
regulation of these functions. The glycosaminoglycans 
(GAG) of normal human placenta have been charac- 
terized by us'.and by others? and have been shown to 
o ovary in amount and in the proportion of the individual 
oe Da of this class of compounds with maturation. 






_ Moreover, changes in the consu mption and distribu- 
ion of GAG in tssues are known to occur in the 
ourse of development of pathologic conditions.” The 
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present work ‘was designed to determine total GAG 
content and proportions of individual GAG im pla- 
centas in two common pathologic conditions of preg- 
nancy, namely, diabetes and toxemia, both charac- 
terized by changes in placental morphology. The aim 
of this work was to compare the GAG composition of 
these placentas to that of normal ones of the same ges- . 
tational age in an attempt to establish a possible corre- 
lation between changes in these substances and the de- 
velopment of the pathologic conditions. 


Material and methods 

Five diabetic, three toxemic, and five normal term 
placentas were used. The tissue was freed from the 
umbilical cord, the chorioallantoic membrane, and the 
associated large blood vessels and was homogenized in 
acetone. es 

Following several changes of acetone and defatting 
with petrol ether, the placentas were grou nd to a fine 
powder. The isolation of a crude GAG preparation was 
carried out as previously reported.) + Briefly, the 
acetone powder was treated successively with pronase 
(B grade, Calbiochem) and with crude papain (Sigma 
Chemical Co.). After depr oteinization with trichloro- 
acetic acid the GAG were precipitated from the super 
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Fig. 1. Electrophoretic separation of GAG in crude preparations from normal, diabetic, and toxemic 
term placentas. The separation was carried out on cellulose acetate in 0.1M-cadmium acetate buffer, 
pH 4.0, 0.8 mA/cm, | to 2 hours. The figures at the bottom represent the number of preparations 


— under each condition (see Table I). 


Table I. Yield and composition of crude GAG preparations from normal, diabetic, and toxemic term placentas 


Yield of crude GAG 


Kind of No. of preparation in dry 
placenta placentas defatted tissue (%) 
Normal | “ut 1.74 
(Third 2 1.93 
trimester) 3 1.68 
4 1.74. 
7 5 1.38 
Mean + SD 1.69 + 0. ee 
Diabetic l 2,95 
2 2.43 
3 2.66 
4 2.13 
| 5 1.95 
Mean + SD 2.42 + 0.40 
Toxemic l 2.15 
2 1.92 
3 1.61 


Mean + $D- 2.09 + 0.59 


Uroenic acid in 





Aisin in G AG ; Uronic acidin 


GAG preparation preparation dry defatted tissue 

9 (2) (%) 
9.6 20.0 0.17 
8.3 24.0 0.16 
12.5 15.0 0.21 
10.4 20.0 0.18 
10.8 17.0 0.15 

10.3 + 1,6 19.2 + 3.4 0.17 + 0.02 
19 9.0 0.22 
16.7 6.2 O41 
9.2 2.7 0.24 
16.7 * 0.36 
12.5 9.0 0.24 

2.5 + 4.2 6.7 + 4.8 0.29 + 0.08 
el 4l 0.19 
13.3 Zul 0.25 
10.4 5D O17 

16.54 3] 3.91.7 0.20 + 0.04 





*Not determined. 


natant with three volumes of cold 5% potassium acetate 
in absolute ethanol. The precipitate was then treated 
with deoxyribonuclease (Schwarz/Mann) and ribonu- 
clease (Calbiochem), lyophilized, and redissolved in wz 
ter, and the GAG were precipitated as descr ibed above. 
Uronic acid was estimated by the Bitter and Muir 
method and protein was determined according to 
Lowry and associates,® with bovine serum albumin 
(Nutritional Bioc hemicals) used as the standard. 
Electrophoretic separation of GAG was performed 
on cellulose acetate strips in 0.1M cadmium acetate 
buffer, pH 4.0, at 0.8 mA/cm for | to 2 hours." + The 
electrophoretograms were stained with 0.2% alcian 
blue 8 GN (Matheson, Coleman & Bell) in ethanol: 


glacial acetic acid: water (100:50:850) and cleared in 
7.5% acetic acid. The proportion of individual GAG on 
cach strip was determined by densitometric scanning at _ 

25 nm with Helena autoscanner. Pure GAG standards 
were provided by Dr. Cifonelli, University of Chicago. 

Electrophoretic separation of GAG preparations also 
was performed after enzymatic treatment either with 
testicular hyaluronidase ( Sigma Chemical Co.) or with 
chondroitinase ABC (Seikagaku Kogyo Co.) as de- 
scribed in another work.' GAG fractions were ob- 
tained by extraction with water from other electropho- 
retograms, after staining with 0.05% toluidine blue in 
80% ethanol. These eluates were hydrolyzed in 4N HCI 
at 100° C for 6 hours and served for the identification 
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Fig. 2. Electrophoretic separation of GAG in preparations after digestion with testicular 
hyaluronidase (H) and chondroitinase ABC (C). Conditions and signs are the same as those described 


in Fig. 1. 


Table II. Percentages of individual GAG in normal and pathologic term placentas 


Kind of 

placenta 

Normal Hyaluronic acid 
Heparan sulfate 
Dermatan sulfate 
Chondroitin 4/6 sulfate 

Diabetic Hyaluronic acid 
Heparan sulfate 
Dermatan sulfate 
Chendroitin 4/6 sulfate 

Toxemic Hyaluronic acid 


Heparan sulfate 
Dermatan sulfate 
Chondroitin 4/6 sulfate 





of hexosamines by paper chromatography, as de- 
scribed in another work.'. 


~~ Results 

o= Uronic acid and protein percentages in crude prep- 
‘arations and their yield by weight from dry defatted 
placental powder, as well as total uronic acid per- 
centages in dry defatted tissue, are listed in Table I. 
Yields of crude preparations were found to be higher 
in diabetic placentas and only slightly elevated in the 
toxemic ones, as compared to normal tissues. The 
uronic acid concentration in the preparation did not 
appear to differ, whereas the protein percentage was 
„markedly lower in the abnormal placentas. The total 
recovery of uronic acid from dry defatted tissue was 
higher in diabetic placentas (p = 0.05) and not sig- 





Percentage Comparison to normal placenta 
(Mean + SD) | (P) 
20.3 + 1.2 — 
15.1 £ 10 — 
34.2 + 2.5 — 
30.3 £ 2.5 cod 
23.3 + 2.9 0.02 
18.0 + 1.4 0.005 
30.7 + 1.1 0.05 
28.0 £ 1.9 0.4 
25.5 2.1.2 0.001 
[a7 ee U2 
28.7 £ 1.9 0.02 
S22 a 0.3 


nificantly increased in the toxemic ones (p = 0.50), as 
compared to normal placentas. 

Electrophoretic separation of GAG preparations is 
shown in Fig. 1. All preparations revealed four bands, 
two of which (bands | and 4) corresponded to hyalu- 
ronic acid (HA) and chondroitin 4/6 sulfate (C4/6S), 
respectively. Band 2 was positioned close to HA and 
band 3 appeared between heparan sulfate (HS) and 
dermatan sulfate (DS). The identity of these two bands 
was further examined by electrophoresis of the unsus- 
ceptible GAG after treatment with either testicular 
hyaluronidase or chondroitinase ABC. These electro- 
phoretograms are presented in Fig. 2. Bands 2 and 3 
remained at their original positions after treatment with 
testicular hyaluronidase, possibly indicating the pres- 
ence of HS and DS, respectively, while bands I (HA) and 
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4 (C4/6S) disappeared. Degradation with chondro- 
itinase ABC resulted in the complete disappearance of 
band 3 (apparently DS) and band 4 (C4/6S). The re- 
maining bands 2 and 1 presumably represent HS and 
HA. The latter has been shown to be partially resistant 
to chondroitinase ABC.! 

Additional evidence for the identity of HS and DS 
was provided by hexosamine analysis of eluates from 
electrophoretograms after treatment with testicular 
hyaluronidase, by means of paper chromatography. 
One spot corresponding to galactosamine was obtained 
from band 3, thus confirming its identity as DS. Glu- 
cosamine was the major spot recovered from band 2, 
suggesting the presence of HS, The weaker spot corre- 
sponding to galactosamine (band 2) presumably could 
result from partially degraded DS.? 

The mean proportions of the four individual GAG, 
namely, HA, HS, DS, and C4/6S, obtained by scanning 
densitometry of electrophoretograms carried out in 
triplicate from diabetic, toxemic, and normal placentas 
are presented in Table I. It can be seen that the per- 
centage of HA was higher in diabetic and toxemic pla- 
centas as compared to normal ones and that HS was 
higher in diabetic placentas and not significantly dif- 
ferent in the toxemic placentas. The proportion of DS 
was lower in both abnormal placentas while that of 
C4/6S did not appear to change markedly. 


Comment 


Although diabetes and toxemia are common compli- 
cations of pregnancy, their histopathologic manifesta- 
tions are not specific and also can be found in other 
abnormalities. In fact, the histopathologic changes ob- 
served in human placentas from diabetic and toxemic 
pregnancies have occasionally been found to a lesser 
degree in normal placentas at term, indicating that the 
changes in pathologic tissues differ from the normal 
quantitatively rather than qualitatively.” $ The altera- 
tions reported in the morphology of toxemic™ °? and 
diabetic® placentas are very similar and consist of the 
following: disturbances in villous maturation, focal 
syncytiotrophoblastic necrosis, marked proliferation of 
cytotrophoblast, thickening of the villous basement 
membrane, deposition of fibrin, edema of the villi, and 
occasional thrombus formation in villi and in the in- 
tervillous spaces. The proliferation of cytotrophoblastic 
cells in the two conditions could be regarded as a reac- 
tion of the tissue to hypoxia resulting from the reduced 
maternal placental blood supply? ° in toxemia and to 
other factors in diabetes. 1 

Some correlation can be found between the his- 
topathologic changes reported for diabetic and toxemic 
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placentas and the alterations in total GAG content and 
the proportional distribution of individual compounds 
in abnormal placentas. 

A marked increase in total GAG content could be 
seen in diabetic placentas and a less significant increase 
occurred in the toxemic placentas. Hypoxia is usually 
accompanied by an increase in the rate of GAG syn- 
thesis, as observed in various tissues," and is believed to 
be a nonspecific reaction of the mesenchyme to re- 
duced oxygen tension. The changes found by us in 
GAG content of toxemic placentas, as compared to 
normal ones, could be a reflection of this reaction. In 
diabetes these changes were proposed to be a defensive 
mechanism in which the placenta itself controls the 
large amounts of glucose by diverting the glucose to the 
synthesis of polysaccharides including GAG." In this 
regard it should be noted that an increase in GAG con- 
tent in the serum and placenta’? as well as in urine’ of 
the toxemic woman has been reported and has been 
related to the hypoxic conditions associated with tox- 
emia. A rise in the amount of GAG also has been ob- 
served m the urine of diabetic women" and in the pla- 
centas of rats with chemically induced diabetes.” The 
marked increase in the proportions of HA in diabetic 
and toxemic placentas (Table I1) may be related to the 
edema observed frequently in the villi.’ Retention of 
water in the tissues, which is a common symptom in 
toxemia, has been correlated with the total increase in 
GAG concentration’ and may be connected to the role 
of HA in swelling processes." 

The amount of DS was considerably reduced in dia- 
betic and toxemic placentas. No change in the percent- 
age of HS was observed in toxemia, while the diabetic 
placenta showed a slight increase. DS and HS have an- 
ticoagulant activity and a decrease in their amount 
could enhance local blood coagulation. It should be 
noted in this regard that normal pregnancy is accom- 
panied by alterations in the blood clotting mechanisms, 
leading to a hypercoagulable state.'® In toxemia these 
conditions are known to be aggravated and the risk of 
blood clotting is greater, especially in the placental and 
renal circulations.’* Y Moreover, thrombi and ode- 
positions of fibrin have been found in histologic prep- 
arations from toxemic’ and diabetic? placentas. 

The elevated GAG content and the low percentage 
of protein in toxemic and diabetic placentas resemble 
the pattern reported for young placentas.! This simi- 
larity can be related to the disturbances in placental 
maturation reported to occur in these conditions, as 
deduced from the abundance of cytotrophoblastic cells 
characterizing placentas of early gestational ages.* ° 

Although some correlations have been shown be- 
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tween the changes in the GAG patterns and the his- 


topathologic manifestations in toxemic and diabetic 
placentas, it is not clear whether the alterations in these 
compounds are of etiologic significance or are a mere 
consequence of the impaired biological conditions. 
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Maternal alcohol consumption, birth weight, and 


minor physical anomalies 


KATHERINE TENNES, M.A. ` 
CAROL BLACKARD, M.D. 


Denver, Colorado 


The effect of maternal alcohol consumption during pregnancy upon neonatal outcome was 
examined in 278 mother-infant dyads. Accounts of the mother’s drug use as well as information 
about confounding factors were obtained by personal interviews on two occasions during pregnancy 
and again after delivery. The infants were examined by a standardized procedure for the presence 
of minor physical anomalies. Alcohol, in moderate amounts, was found to be unrelated to infant birth 
weight, birth tength, or head circumference. Minor physical anomalies associated with fetal alcohol 
syndrome were no more common in infants exposed to heavy amounts of alcoho! in the first 
trimester than in nonexposed infants. A weak but significant negative correlation between alcohol 
consumption and gestational age was not accounted for by covariance with emotional stress, parity, 
socioeconomic status, mother’s age, or use of other drugs. (AM. J. OBSTET. GYNECOL. 138:774, 1980.) 


DURING THE PAST DECADE a Causal relationship be- 
tween alcohol abuse during pregnancy and the fetal 
alcohol syndrome (FAS) has been well documented in 
the medical literature. The association between growth 
retardation and a maternal history of alcohol con- 
sumption was observed clinically in infants in the first 
year of life! The characteristic features of the syn- 
drome, with growth deficiency and mental retardation 
as primary factors, became established through exami- 
nation of older children and the retrospective preg- 
nancy histories of their mothers.” # In a recent review 
Clarren and Smitht estimated the magnitude of the 
problem to be 1 to 2 infants with FAS per 1,000 births. 
Although the adverse effects of heavy alcohol expo- 
sure on neonatal development are generally accepted, 


From the Department of Psychiatry, University of 
Colorado Health Sciences Center. 

Supported in part by funds from the National Council on 
Alcoholism, the University of Colorado Alcohol Research 
Center, the Developmental Psychobiology Research Group 
of the Department of Psychiatri, and the Office of Student 
Aid, University of Colorado Medical School. 


Received for publication March 4, 1980. 
Revised June 2, 1980. 
Accepted July 22, 1980. 


Reprint requests: Katherine Tennes, Department of 
Psychiatry, 4200 E. Ninth Ave., Denver, Colorado 
80262. 


174 


the effects of prenatal exposure to moderate amounts 
of alcohol have remained unclear. In a large survey of 
9,236 women in France, Kaminski and associates 
found an increase in stillbirths, lowered birth weights, 
more small—for—gestational age infants (after nicotine 
was taken into account), and decreased placental 
weights in infants of mothers who drank more than an 
average of 1.6 ounces of absolute alcohol (AA) per day. 
He found no difference between infants born to 
women who drank up to 1.6 ounces of AA per day and 
infants of abstainers. In a prospective study of women 
from core-city Boston, Ouellette and associates® re- 
ported a significantly higher percentage of infants born 
prematurely, postmaturely, small for gestational age, 
with increased major and minor anomalies, and with 
decreased birth weight, length, and head circumfer- 
ence to women who were heavy drinkers (more than 
1.5 ounces of AA per day and at least five drinks on 
occasion) but na difference between infants of moder- 
ate and rare drinkers. Infants of women who decreased 
alcohol intake during pregnancy were less affected, 
thus implicating exposure throughout pregnancy or in 
the last trimester as the vulnerable period. Confound- 
ing variables were not accounted for in this study. In 
contrast, other investigators have suggested that mod- 
erate amounts of alcohol use may have adverse effects. 
Little’ found a significant linear relationship between 
the amounts of alcohol consumed and decreased birth 
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weights when nicotine, parity, gestational age, sex of 
child, and mother’s height were taken into account. 
Hanson and associates? also reported an increase in 
FAS-like features in infants of women who reported 


intake of 1 to 2 ounces of AA per day in the month i 
preceding recognition of pregnancy as compared with 


light-drinking or abstaining control subjects. Unlike 
the Boston study, which implicated the last trimester as 
the vulnerable period, Little’s and Hanson’s studies 
suggested that exposure during the very early period 
of morphogenesis was critical. The authors interpreted 
their findings as suggesting a linear dose-response 
curve. ; 

A ‘safe level of alcohol consumption during preg- 
nancy has not been established nor has the possibility of 
a differential effect upon the fetus at various devel- 
opmental stages been examined. Criteria for precise 
descriptions of the characteristics of the FAS, particu- 
larly for diagnosis in the newborn infant, have not been 
established. 

The purpose of our investigation was to examine the 
effects of socially prevalent amounts of alcohol con- 
sumption upon the partial expression of the FAS. The 
questions addressed were: Is there a dose-related rela- 
tionship between the mother’s alcohol consumption 
and retardation of fetal growth when confounding 
variables have been taken into account? Is there a 
threshold effect? Is the fetus more vulnerable to weight 
loss or developmental anomalies if éxposure to alcohol 
occurs at particular stages of gestation? Is there a 
dose-related increase in minor physical anomalies? 


Methods 

Population. We interviewed 604 women before 20 
weeks of pregnancy. The population was drawn from 
two public hospital outpatient obstetric clinics. Of 
these, 337 were observed through delivery. Attrition 
from causes such as dropping out of the medical care 
program or delivery at other hospitals, moving, or 
change of name, occurred in 139 cases; delivery had 
not occurred in 128 cases at the time the study was 
terminated. The number of infant-mother dyads in the 
final data analysis was 278. 

The demographics of the population are given in 
Table I. The subjects were drawn from the core city 
and from the industrial suburbs. They were predomi- 
nantly of middle and lower middle class, as estimated 
by a modification of the Hollingshead scale,? with oc- 
cupation of head of household and mother’s educa- 


tional level used as indicators. The mean age of the 


group (22 years) was lower than the national average 
for maternal age (24 years). Thirty-eight percent of the 
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Tabl2:I. Demographics of 278 subjects drawn from 
obstetric clinic populations in two public hospitals 





T Demographic variable 
Social class: 
Upper 0.4 
Upper middle 2.5 
Middle 53.2 
Lower middle 37.4 
Lower 5.8 
~ sthnic group: 
‘Caucasian 69.1 
Hispanic 14.0 
Black l 11.9 
Am. Indian 2.2 
Oriental 2.9 
Age (yr): 
<= 17 12.9 
18-20 23.7 
21-30 51.8 
31-34 8.6 
= 35 2.9 
sravidity: 
l 32.7 
2 29.1 
5 18.3 
4 8.6 
25 10.8 


women. were between 14 and 21 years of age. 
Maternal histories. The women were interviewed on 
three cccasions: before 20 weeks” gestation, at 6 to 7 
morths, and after delivery. The patients signed an in- 
formed consent which stated that the study was an in- 
vestgation of the effects of consumption -of moderate 
amcun-s of alcohol upon fetal development. By means 
of a structured, open-ended questionnaire, we asked 
about ‘wse of caffeine, nicotine, prescribed and over- 
the-cocnter drugs, illnesses, fevers, exposure to radia- 
tion ard environmental hazards suspected as terato- 
gens, emotional and social problems, dietary intake, 
alcohol, and illicit drugs. Questions regarding alcohol 
use we-e asked last, after the patient had an opportu- 
nity to discuss all other aspects of the pregnancy. The 
womnar was asked to report the last time she consumed 
alcohol and the kind and number of drinks. Progress- 
ing in -everse from the most recent occasion through 
the preceding months, an attempt was made to record 
each d-inking episode or to establish the regular pat- 
terr of alcohol use. In addition, the women were spe- 
cificalls queried about exceptional occasions of heavy 
consumption such as-holidays or celebrations. Addi- 
tional information about prepregnancy medical his- 
tor}, weight gain, and medical course of this pregnancy 
and delivery was obtained from the medical charts. 
Infaat examinations. Prior to the onset of the al- 
cohol study, we had developed a comprehensive stan- 
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Table II. Distribution of alcohol consumption of 278 pregnant women for the entire pregnancy 


and for the first and third trimesters 








Time during pregnancy 





Total pregnancy: 


Abstain l 0 
Rare 1-27 
Moderate-light 28-130 
Moderate-heavy 131-240 
Heavy >240 
First trimester: 
Abstain 0 
Rare . 1-9 
Moderate-light 10-43 
Moderate heavy 44-80 . 
Heavy | >80 
Third trimester: ` 
Abstain 0 
Rare 1-9 
Moderate-light 10-43 
Moderate-heavy 44-80 
Heavy . i >80 . 


Table III. Relationship between first- and 
third-trimester use of drugs 





. First trimester Third trimester 


Mean Mean 
(12.wk) | SD | (12 wk) | SD 
6 






Alcohol (ounces) 21 95 - 18 2.66* 
Nicotine (ml) 1,826 1,827 74] 1,158 8.46* 
Caffeine (mg) "46 56 22 32 . 9.80* 
Marihuana 34 119 1G 81 4.48* 
- (cigarettes) és x 
*p < 0.01. 


dardized examination for minor physical anomalies 
detectable by surface examination. The pilot sample 
consisted of 200 infants randomly selected from the 
hospital nursery. The list of 93 anomalies was compiled 
from the literature on minor physical anomalies!® 1! 
and from descriptions of the FAS. In addition to stan- 
dard measurements of head and length, we measured 
upper lip and palpebral fissure length, inner canthal 
distances, diameter of hemangioma ‘and fontanelles, 
angle of ear slant, angle of clinodactyly, and extension 
of extremities. l 

Information regarding birth weight, clinical ` gesta- 
tional age, Apgar scores, prenatal medical complica- 
tions, and major ahomalies was obtained from the 
medical record. The infant's gestational age was 
calculated from the mother’s resort of last menstrual 
period. If the calculated gestational age was more than 
3 weeks different from the infant's clinically est- 






Total alcohol consumption 
by interval (ounces of AA). 











Mean 
(Ounces of AA) 






74 27 0 0 
144 52 7 6 
51 18 63 28 
4 02 188 24 

5 02 856 426 
107 39 0 0 
104 37 3 2 
43 15 99 9 
15 05 58 7 
9 03 408 365 
148 53 0 0 
91 32 3 2 
31 1 22 9 
4 D1 60 ll 

4 Jl 120 38 


mated gestational age, the clinical estimate was used. 

All infants were more than 24 hours of age at the 
time of the examination. The examiner was unaware of 
the mother’s pregnancy history with one exception 
when a nurse inadvertently revealed that the mother 
was a heavy drinker. | 


Results 


We computed a score for the quantity of each drug 


-used. For alcohol, we multiplied the amount of abso- 


lute alcohol in each kind of beverage (beer, wine, or 
distilled) by the number of drinks per occasion. For 
example, one mixed drink of 90 proof liquor was calcu- 
lated as 0.67 ounce of AA. An occasion was defined as 
the day of gestation on which the drinking occurred. 
We then summed the amounts of alcohol for all occa- 
sions within an interval such as a trimester or for the 
entire pregnancy. The same method of relaung the 
time of fetal exposure to the day of gestation was used 
for all the drugs. The caffeine score was the amount of 
caffeine in each kind of beverage (coffee, tea, or cola) 
times the number of cups per day. The nicotine score 
was the number of milligrams per cigarette in the 
brand smoked times the number of cigarettes per day. 
The marihuana score was the number of cigarettes per 
occasion. Other illicit drugs were too rare to be treated 
quantitatively. _ . 

As is shown in Table IJ, approximately 80% of the 
population abstained or rarely used alcohol. Two per- 
cent of the population averaged more than 1% drinks 
per day for the entire pregnancy; 3% were in this cate- 
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Table IV. Stepwise multiple regression of birth weight and birth length on nine ad ee variables 


for 278 mother-infant dyads - 
Birth weight 


% of variance 
explained Variable 


Birth length 


% of variance 


Variable explained 

Gestational age ` i PAs ` Gestational age 2a 
Mother's prepregnancy weight 29T Total nicotine 20" 
No. of minor physical anomalies 337 Parity . 294 
Total nicotine exposure 36t Mother’s height 29 
Parity | 37+ Total caffeine 30 
Total marihuana 38 Total alcohol 31 
Total caffeine 33 Secioeconomic status 31 
Mother's age 38 Mother's age 31 
Socioeconomic status 38 Total marihuana 31 
Total alcohol 33 si 

*p < 0.001. 

tp < 0.01. 

tp < 0.05. 


gory in the first trimester. Twenty percent were con- 
sidered to be moderate drinkers whose alcohol con- 
sumption averaged from one drink per week to 1% 
drink per day. This method of averaging obscures the 
blood levels of alcohol to which an infant might actually 
have been exposed. Of the five women who were cate- 
gorized as heavy drinkers in the first trimester, four 
reported peak consumption of 11 to 40 drinks during 
an 8-hour period. Of the 24 women categorized as 
moderate to heavy drinkers, the majority had patterns 
of intermittent drinking on social occasions in amounts 
sufficient to average the given levels. 

Our method of selecting the study population by re- 
cruiting women who sought prenatal care in the first 
trimester may have biased against the inclusion of 
heavy alcoholics. Since our objective was to assess the 
effects of moderate and socially prevalent levels of al- 
cohol, the study design was intended to maximize data 
about alcohol use rather than about cases of high con- 
sumption. 

A significant reduction in usage of all drugs cccurred 
in the third trimester as compared with the first (Table 
II). 

Alcohol. consumption was significantly E 
with nicotine (r = 0.30) and caffeine (r = 0.15) but not 
with marihuana (r = 0.04). 

Birth weight. The effect of alcohol upon infant birth 
weight was analyzed by a stepwise multiple regression 
equation, First, we included in the equation four vari- 
ables known to affect birth weight—gestational 
age, mother’s prepregnancy weight, parity, and nico- 
tine—and the three drugs—alcohol, caffeine, and 
marihuana. The known variables contributed sig- 
nificantly to the variance in birth weight but alcohol did 


Table V. Stepwise multiple regression of 
gestational age on nine independent variables 
for £78 mother-infant dyads 


Gestational age 
_ Fariable | % of variance explained 
Total alcohol © i 02* 
Mother’s age 03 
Mo. of anomalies 04 
Tota nicotine 05 
Total marihuana 05 
Socilweconomic status 05 
Stress 05 
Fariry 05 
Total caffeine 05 


*p = C.Ol 


not. Fcr exploratory purposes we recalculated the 
equztioy with additional variables we had included in 
our data base. ‘These were mother’s age, socioeconomic 
status, weight gain during pregnancy, and diet and the 
number of anomalies in the infant. Alcohol did not 
contribite significantly to the variance in birth weight 
in any of the calculations. The correlations of alcohol 
with wāght gain and with diet were no different from 
zero. Taerefore, these two variables had no effect upon 
the association between birth weight and alcohol. 
Tre order in which variables were accepted into a 
final equation is given in Table IV. The first five 
variables— gestational age, mother’s prepregnancy 
weight, number of minor physical anomalies, total 


nicotine, and parity—explained approximately 37% of ` 


the var.ance in birth weight. Alcohol was the last vari- 
able accepted into the equation. 
' Baca.ise alcohol consumption was greatest during 
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Table VI. Relationship of characteristics associated with FAS to maternal alcohol consumption during pregnancy 


1. Abstain 
FAS anomaly (74 women) 
Short palpebral fissure -B 
Maxillary hypoplasia 
Upturned nose 
Hypoplastic philtrum 
Wide inner canthal distance 
Long upper lip 
Jitteriness 


we em OO OD TT ee 8 


pod poeet 


the first trimester and because weight gain is relatively 
greatest in the third trimester, we used the same 
method to analyze the contribution of the first and the 
third-trimester drug consumption separately upon 
birth weight. The results for alcchol were no different 
from the statistics derived from the total pregnancy 
SCOres. 

Other growth measures. A similar analysis was used 
to examine the effect of drugs upon birth length with 
mother’s height substituted for mother’s prepregnancy 
weight. Twenty-eight percent of the variance was ex- 
plained by three of the independent variables—ges- 
tational age, total nicotine and parity (Table IV). None 
of the other independent variables contributed sig- 
nificantly to the prediction of birth length. 

Because infants with FAS are characteristically small 
for gestational age we also performed a multiple re- 
gression equation on percentile weights. Again alcohol 
. did not contribute significantly to the variance. 

Finally, we examined the effect of the variables that 
had been entered in the birth weight equation upon 
head circumference. There was no significant alcohol 
effect. 

Gestational age. A stepwise multiple regression anal- 
ysis also was used to examine the effects of the drugs 
upon gestational age. The variables entered in the 
equation in addition to total alcohol were: parity, age, 
socioeconomic status, number of infant anomalies, total 
nicotine, total caffeine, and total marihuana. Alcohol, 
the only variable contributing significantly to the vari- 
ance in gestational age, was accepted first by the equa- 
tion, explaining only 2% of the variance. ‘The correla- 
tion between alcohol and gestational age was -0.14 
suggesting a weak relationship. 

' Emotional stress also has been implicated in prema- 
ture deliveries’? and may be a factor in alcohol con- 
sumption. In our study, women who had sought or 
been referred to a psychiatrist. or social worker for 
problems during pregnancy or who had experienced 
an extraordinary trauma, such as death in the immedi- 


(144 women) 


Alcohol group 

2. Rare 3. Moderate 4. Moderate 5. Heavy 
to light (51 women) lial (4 women) | (5 women) 

0 l 0 

0 0 0 0 

12 6 i 0 

8 4 0 0 

l 0 0 0 

3 0 l 0 

30 9 0 i 


ate family, had been coded as emotionally stressed for 
comparison with nonstressed women. We recomputed 
the multiple regression on gestational age, and added 
this measure of emotional stress as an independent 
variable. Stress was found to be positively correlated 
with total alcohol consumption (r = 0.24), but it did not 
contribute significantly to the variance in gestational 
age. The order of acceptance of nine variables entered 
in the equation is given in Table V. 

Minor physical anomalies. Before testing the rela- 
tionship between alcohol consumption and minor 
anomalies, we examined the effects of gestational age 
and race upon each anomaly. 

Four anomalies were excluded on the basis of race. 
Epicanthal folds and slanted eyes were found to be 
disproportionately high in Oriental and Hispanic in- 
fants; ‘slanted ears were disproportionately high in 
blacks, and. clinodactyly was higher in Caucasians. 
Epicanthal folds and slanted ears have been reported 
in 26% to 50% of infants with FAS, clinodactyly and 
slanted eyes have been reported only occasionally. 

Our analysis by gestational age indicated that one 
anomaly, hypoplastic labia, occurred with higher fre- 
quency in infants under 38 weeks’ gestation. The mea- 
sured anomalies, i.e., palpebral fissure, inner canthal 
distance, and length of upper lip, were standardized 
for gestational age. Measurements outside ‘two stan- 
dard deviations were considered abnormal. 

The mean number of.anomalies after correction for 
race and gestational age was 3.4 (SD = 2.1). 

After making the above corrections, we entered the 
total number of anomalies in a stepwise multiple re- 
gression equation with nicotine, caffeine, marihuana, 
and alcohol as the independent variables. None of the 
variance in total number of minor physical anomalies 
was accounted for by the drugs, when either total con- 
sumption or first-trimester use was considered. We 
found that the ccrrelation between the total number of 
anomalies and the alcohol consumption in the first 
trimester, when anomalies were expected to develop 
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and drug consumption was highest, was no different 
from zero (r = —0.06). 

It was possible that the correlation analysis might 
have masked the effects of alcohol by too broad an 
inclusion of minor anomalies unrelated to alcohol or by 
the undue influence of a few outlying cases. Therefore, 
we used the five levels of alcohol consumption given in 
Table II to examine the frequency of seven items se- 
lected as typically associated with the growth retarda- 
tion of FAS. The frequencies of these characteristics— 
short palpebral fissures, maxillary hypoplasia, up- 
turned nose, hypoplastic philtrum, wide inner canthal 
distance, long upper lip, and jitteriness—are given for 
the five classifications of alcohol in Table VI. Chi- 
square analysis indicated that there were no significant 
differences among levels of alcohol consumption for 
any of the anomalies. 


Comment 


The results of this study do not support a linear 
dose-response relationship between moderate alcchol 
consumption and decreased birth weight. The differ- 
ence in our findings from previous reports in the litera- 
ture may be a function of population differences, of 
sample size, or of research design. Apparently, our 
population did not differ substantially from previous 
studies in the proportion of women classified as mod- 
erate to heavy alcohol consumers in early pregnancy. 
Five percent of our population as compared with 5% to 
9% in other studies* * consumed an average of at least 
0.67 ounce of AA per day in the first trimester. 

Although the total number of women we interviewed 
was relatively small, in a sample size of 278 cases, statis- 
tical relationships are expected to be fairly stable. 


_ Twenty-one percent of the population (N = 60) who 


were classified as moderate to heavy drinkers repre- 
sented a sufficiently large number for statistical com- 
parison of differences between moderate and abstain- 
ing or rare users. 

The results also indicated that the population size 
was adequate to measure the effects on birth weight of 
the confounding variables—gestational age, parity, 
and nicotine. Thirty-one percent of the women (N = 
84) smoked an average of half a pack or more of 
cigarettes per day; 13% of these were heavy users of 
alcohol. Since alcohol and nicotine were significantly 
correlated, the effect upon birth weight appeared to be 
redundant. This. finding is at variance with effects 
of alcohol reported by Little’ and Kaminski and asso- 
clates®> after nicotine had been accounted for by 
separating smokers and nonsmokers. The results of 
our stepwise multiple regression suggested that after 
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confounding variables were entered in the equation the 
effect of alcohol consumption was negligible. 

Arother consideration that may account for the dif- 
ference in our findings from other studies of moderate 
drinkers is the marked decrease in alcohol consump- 
tion m the third trimester. Although we did not include 
a syS-ematic inquiry into the reasons consumption was 
decreased, it appeared to be due to information about 
adverse effects obtained from the media and from 
med:cal personnel and an increased awareness result- 
ing from our research. 

Tre finding that decreased gestational age is related 
to increased levels of moderate alcohol consumption 
needs further investigation. We were unable to explain 
the relationship by implicating emotional stress. A 
number of cther factors, known to contribute to pre- 
term deliveries, were not included in our analysis. Ma- 
ternal age less than 14 years, frequent close-spaced 
pregnancies, the black race, various obstetric complica- 
tions, including maternal infections, and gestational 
age of previous infants born to the same women are 
among the factors that we have not examined." As in 
the case of birth weight, adequate information about 
confounding factors might alter the suggested impact 
of alcohol as causally related to gestational age at deliv- 
ery. Nevertheless, this finding has been reported by 
other investigators.” '4 Further investigations may 
contribute to explaining the presumptive evidence of a 
relationship between moderate alcohol use and small 
infants. 

The unique contribution of this study was the stan- 
darcization of the infant examination for minor physi- 
cal znomalies as a partial expression of FAS features. 
The validity of the examination and its potential use- 
fulness are suggested by the finding that the number of 
minor physical anomalies explains 5% of the variance 
in birth weight. The measure may identify infants who 
were subject to intrauterine disturbances in growth and 
development. If a common factor influenced both birth 
weight and the number of minor physical anomalies, 
the results of the regression equations suggested that 
the common factor was not maternal ingestion of al- 
cohol. A further analysis of other pregnancy and peri- 
natal factors related to anomalies will be reported in a 
seperate communication. 

No new or additional information about very heavy 
alcohol consumption or about the FAS can be derived 
fron this investigation. The lack of a partial expression 
of tne syndrome in moderate drinkers suggests that a 
log of -he dose response or a threshold effect might 
be hypothesized as more probable than a linear rela- 
tionship. 
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In summary, moderate amounts of maternal alcohol 
consumption were found to have no effect upon birth 
weight and not to be related to an increased incidence 
of minor physical anomalies. An indication that mod- 
erate alcohol consumption is related significantly to 
premature delivery requires further investigation. 


We thank Drs. Lula Lubchenco and Linda Morgan 
for pediatric consultations, Dr. Donald Stilson for 
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RECENT ADVANCES In obstetric practice and newborn 
care have dramatically improved perinatal survival 
among various types of high-risk pregnancy. Nonethe- 
less, the risk of pregnancy loss in twin gestation 
remzins three or more times that of singleton preg- 
nancy.’ This risk includes death in one or both in- 
fants by spontaneous abortion or antepartum death as 
well as intrapartum and postpartum deaths. The respi- 
ratory distress syndrome (RDS) is the most common 
cause of death.* ° Even though twin gestations repre- 
sent only about 1% of all gestations on the average, 
they contribute disproportionately to the total perinatal 
morbidity and mortality in the United States and 
elsen here.®° 

In November, 1975, a state-supported regional peri- 
natal unit began providing services at the Prentice 
Women’s Hospital and Maternity Center in Chicago, 
Ilincis. This hospital, a member of the McGaw Medical 
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Table I. Participating hospitals and number and 
percentage of mothers in the study 







Mothers 
delivered of twins 


Wesley-Passavant/Prentice 125 21.3 

Evanston 8&6 14.6 
Other hospitals (Code No.): 

l 82 13.9 

2 49 8.3 

3 44 7.5 

4 43 7.3 

5 49 6.6 

6 22 5.4 

7 32 5.4 

8 29 4.9 

9 13 22 

10 9 1.5 

ll Le 0.9 

Total 588 100.0 


Complex of Northwestern University, provides level 
ITI perinatal services to a network of 24 outlying hospi- 
tals. The amalgamation of the obstetric services at Wes- 
ley Memorial Hospital, Passavant Memorial Hospital, 
and the Chicago Maternity Center formed the Prentice 
Women’s Hospital and Maternity Center. This analysis 
of twin gestations and their associated pregnancy loss 
was undertaken for the 5-year period preceding the 
formal opening of the perinatal unit. These data form 
a baseline against which future data could be com- 
pared. 


Material and methods 


Participating hospitals. Two Northwestern Univer- 
sity Hospitals—-the Wesley-Passavant/Prentice Hospital 
complex and Evanston Hospital—plus 11 other hospi- 
tals agreed to participate in the study. Of this group, six 
have or had a formal affiliation with Northwestern 
University. All hospitals are located in central Chicago 
or its northern and western suburbs. Patients attend- 
ing each institution come from mixed socioeconomic 
classes. Table I lists each of the participating hospitals 
by a code number as well as the numbers of mothers 
delivered of twins during the study period. 

Data collection and processing. A data collection 
instrument was prepared with certain antenatal, in- 
trapartum, and postpartum factors known or sus- 
pected to contribute to pregnancy wastage taken 
into consideration. Categories of information included 
medical as well as sodoeconomic and demographic 
data. A physician-directed team of five obstetric nurses 
was trained to review charts and record data on a stan- 
dardized form. The team made efforts to locate and 
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Table II. Maternal demographic characteristics 


Characteristic % 
' Age (yr): 
15-20 66 , 11.2 
21-24 142 24.1 
25-30 247 42.0 
31-34 77 13.1 
35+ 53 9.0 
Not stated 3 0.5 
Racelethnic group: 
White 372 63.3 
Black i 159 27.0 
Spanish-American Ze oF 
Oriental 4 0.7 
Not stated 31 5.3 
Marital status: i 
Married 449 76.4 
Previously married 47 8.0 
Never married . Bl 13.8 
Not stated l1 1.9 
Religion: 
Protestant 129 21.9 
Catholic 219 37.2 
Jewish 38 6.5 
Other not stated 202 34.4 
All women 588 100.0 


review records of all twin deliveries at these cooperat- 
ing institutions. Successful transcription of all twin rec- 
ords occurred in 12 of the 13 hospitals. 

The completed forms were visually scanned, key- 
punched, verified, and then checked for possible errors 
by a computer program. Whenever errors were sus- 
pected, the hospital records were reviewed for a second 
time, either to verify the originally coded data or to 
correct the error. Data processing and analyses were 
performed under the auspices of the Vogelbach Com- 
puter Center of Northwestern University. 


Results 


During the 5-year study period, 82,229 live births 
were recorded at the 13 study hospitals. Five hundred 
eighty-eight women were delivered of twins for a rate 
of 7.2/1,000 live births or one woman delivered of 
twins for every 140 puerperal women. When the de- 
liveries of the hospital with the incomplete record re- 
view are excluded from analyses, this figure becomes 
one twin gestation per 134 women delivered. The 
characteristics of the 588 mothers and their 1,176 off- 
spring, 86 of whom did not survive the pregnancy, de- 
livery, or first week post partum, form the basis of this 
report. 

Mothers of twins. The demographic characteristics 
of the 588 mothers of twin pairs are summarized in 
Table II. Approximately two thirds of the mothers 
were in their 20s and one fourth were in their 30s or 
40s. Almost two thirds of the mothers were white and 
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Table III. Maternal obstetric characteristics 


Characteristic No. | 70 
Parity 
0 167 23.4 
1-2 279 47.4 
3-4 92 13.6 
5+ 44 7.6 
Not stated 6 1.0 
Weeks from LMP: 
21-24 8 1.4 
25-28 2 | 3.5 
29-32 35 5.0 
33-36 131 22.3 
37+ 372 63.3 
Not stated 21 3.5 
Time of twin diagnosis: 
=24 weeks 54 9,2 
25 weeks to onset of labor 262 44.6 
Onset of labor to delivery of first twin 57 9.7 
After delivery of first twin 89 13.1 
Not stated 126 21.4 
All women 588 109.0 


one fourth were black. Roughly, three of every four 
women were married at the time of delivery. 

Maternal characteristics of obstetric significance are 
summarized in Table III. Approximately one quarter 
of the women were nulliparous and approximately half 
had one or two prior deliveries. Only approximately 
two thirds of deliveries occurred at term (37 or more 
weeks of gestation from last menstrual period). Over 
20% of the twins were delivered at 33 to 36 weeks of 
gestation as calculated from the last menstrual period, 
and approximately 11% of twins were delivered prior 
to 33 weeks of gestational age. 

The time at which the diagnosis of twin gestation was 
first recorded is also shown in Table III. In almost half 
of the cases, the diagnosis of muluple gestation was 
made in the third trimester; however, in 24.8% of the 
cases the diagnosis was made only after labor had 
begun or after the first twin had already been deliv- 
ered. In 126 cases (21.4%), the time of diagnosis was 
not stated. If these 126 cases are excluded from consid- 
eration, then in the remaining cases where the time of 
diagnosis was known the’ diagnosis of twins was not 
suspected until after labor had begun in almost one 
third of the cases. 

Twin infants. For each member of the twin pair, the 
sex and birth weights are shown in Table IV. Overall, 
there were 555 male infants, 612 female infants, and 
nine instances in which the sex either was not reported 
or was unidentifiable. The predominance of female 
over male births was apparent for both the first and 
second twins, with the percentage of male births being 
slightly less among second twins. Sex ratios for twin 1 
and for twin 2 are not Speen different (p > 0.05) 
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Table IV. Infant characteristics by birth order 






Characteristic 





Sex: 
Male 284 48.3 271 46.1 
Female ` 302 51.4 310 52.7 
Not stated 2 0.3 7. {2 

Weight (gm}: 

" <499 6 1.0 li 1.9 
500-999 24 4. 22 3.7 
1.000-1,499 32 5.4 23 3.9 
1.500-1,999 72 12:2 9] 15.5 
2.000-2,499 154 26.2 162 27.6 
2.500-2,999 180 30.6 169 28.7 
3.000-3,499 90 15.3 82 13.9 
3500+ 24 4.1 17 2.9 
Not stated 6 1.0 11 1.9 


All nfants 588 100.0 588 100.0 





Table V. Risk of pregnancy loss 2 selected 
ma: ernai characteristics 






Women with 
pregnancy loss 









Cheracteristic 


Age (yr): . 
15-26 66 14 21.2 
21-24 142 16 11.3 
25-30 247 22 8.9 
31-34 ` 77 2 2.6 
35+ 53 5 9.4 
Not stated 3 ~ — 
Paray: 
0 167 22 13.2 
1-2 279 30 10.8 
34 92 4 4.3 
5+ 44 3 6.8 
Not stated . 6 - -| 
Weers from last menstrual period: . 
2_-24 8 8 100.0 
25-28 21 14 66.7 
29-32 35 9 27.7 
35-36 131 s«12 9.2 
37+ 372 13 3.5 
Not szated 21 3 - 
Total 588 59 10.0 


and not significantly different (p > 0.05) from one. It 
was not possible to assess zygosity in this study, because 
the individual practitioners who delivered the infants 
did nct uniformly test the infants by acceptable 
methods. 

The distribution of all birth weights in 500 gm 
categories is also shown in Table IV for the first and 
seccnd twins. A birth weight of =2,500 gm was re- 
corded for 51.0% of first twins and 47:4% of second 
twirs. The mean birth weight for the group of first 
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Table VI. Twin-specific mortality by birth a 
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` Second twin 





Weight 
(gm} Total infants ` eat Total infants Rate/100 
500 6 5 83.3* © ll , ~ E 100.0 
500-749 9 9 100.0 9 8 88.0 
-750-999 -15 9 60.0 13 9 69.2 
1,000-1,249 12.: 3 25.0 9 5 55.6 
1,250-1,499 20 2 10.0 . l4 3 21.4 
1,500-1,999 - 72 3 4.2 91 6 6.6 
2,000-2,499 154 2 1.3 162 3 1.9 
2,500-2,999 180 2 I. 169 l 0.4 
3,000-3,499 90 0 ~ 82 0 — 
3,500+ | 24 0 17 0 _ 
Not stated 6 l 11 4 ~ 
Total 588 36 6.1 588 50 8.5 


*In the single case where survival was stated, the hospital record was discrepant. The operative note described delivery of 
twin stillborn infants; the order sheet stated that one infant was transferred to a high-risk center alive. Follow-up at this hospital 


was unavailable. 
Table VII. Causes of death in infants >2,000 gm 


Time of death 


Antepartum ` B ~ Male 
Antepartum A Male 
Antepartum A Female 
Intrapartum A Female 
Intrapartum B Female 
Intrapartum B Male 
Intrapartum A Male 
Post ‘partum B Female 


twins (2,388 gm + 742.3) was slightly higher than that 
for the second twins (2,314 gm + 766.4). This differ- 
ence in mean birth weights was not statistically sig- 
nificant (p > 0.05). 

- Risk factors in pregnancy loss. The relationship be- 
tween selected demographic and obstetric factors for 
women who suffered a pregnancy loss (death of one or 
both twins) compared to all of the mothers of twins is 
shown in Table V. The pregnancy loss rate (uncor- 
rected for weight or other factors) shown in the right- 
hand column is calculated as: 


Number of women with pregnancy loss 


x i 
Total number of women W 


This rate can be interpreted as the risk of pregnancy 
wastage to a mother of twins, i.e., one or both twins not 
surviving the pregnancy, delivery, or neonatal period. 
. With respect to maternal age, the pregnancy loss rate 
was highest for the youngest women, aged 15 to 20 
years (21.2/100), and declined to a minimum (2. 6/100) 
for women in their early 30s, after which it rose again. 
A similar pareri was observ ed with respect to P 


Weight 
(gm) 


Cause of death 
2,440 — Abruptio placentae, macerated fetus 
2,665 Unknown cause, macerated fetus 
2,041 Unknown cause, macerated fetus 
2,211 Interlocking head 
2,070 Interlocking head 
2,495 Frolapsed umbilical cord 
2,977 Velamentous cord, vasa previa 


2,155 EDS. 


The pregnancy loss rate was highest among nullipa- 
rous twin mothers, declined to a minimum among 
women of parity 3 or 4, and increased with i increasing 
parity thereafter. 

The relationship of pregnancy loss to gestational age 
at delivery is clearly documented in the third panel of 
Table V. While the estimation of gestational interval is 
always subject to an unknown degree of error, the data 
are presented here as they were recorded in the clinical 
records, calculated as weeks from last menstrual period 
to delivery. The pregnancy loss rate per 100 women 
declined from a maximum of 100 at 21 to 24 weeks’ 
gestational age to a minimum of 3.5 for term gesta- 
tions. The complement of the pregnancy loss rate is the 
survival rate for one or both twins. Thus, in over 90% 
of twins delivered at 33 to 36 weeks, one or both twins 
were discharged alive from the hospital, and in approx- 
imately three fourths of twin deliveries at 29 to 32 
weeks, at least one of the twins was Eevee alive 
from: the hospital. 

While the gestational interval is obviously one of the 
most important factors i in determining physiologic ma- 
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turity and the ability of the newborn infant to survive in 
the extrauterine environment, there is no way to mea- 
sure this interval without the errors of recall of the 
dates of last menstrual period and the variability of 
cycle lengths. Birth weight, on the other hand, which 
generally can be correlated with gestational age, can be 
measured easily and with a small degree of error for 
individual members of each twin pair. The twin-spe- 
cific mortality rates by birth weight are shown in Table 
VI. In order to more clearly study mortality among the 
earliest potentially viable gestauons, 250 gm _ incre- 
ments were chosen for weight categories <1,500 gm. 

For each category of birth weight the.total number of 
infants delivered (or spontaneously aborted) and the 
number who.died (antepartum, intrapartum, and post- 
partum deaths) are shown. The mortality rate is calcu- 
lated from these two numbers. For every category of 
birth weight less than 2,500 gm, except in the 500 to 
749 gm group, the second twin had a higher (but not 
significantly so) mortality rate than the first twin 
(p > 0.10). These differences are reflected in the 
greater over-all mortality rate for all second twins 
(8.5/100) compared to that for first twins (6. 1/1003. As 
birth weight increased, the mortality rate declined for 
both first and second twins. A dramatic decline in the 
mortality rate of first twins occurred at a weight of 
1,000 gm. For the second twin, this trend began at 
1,250 gm. 

Among infants weighing 2,000 gm or more, there 
were eight deaths (Table VII). Of these, three infants 
died in the antepartum period and were macerated at 
birth. One of these apparently died as a result of ab- 
ruptio placentae. Four of the deaths occurred in- 
trapartum. Two of these infants had interlocking heads 
and died during attempts at delivery. The other two 
intrapartum deaths were due to a prolapsed umbilical 
cord and a velamentous insertion of the cord with vasa 


previa. The remaining deaths among this group of: 


eight infants occurred post partum and were due 
to RDS. 

Based on current standards of obstetric and neonatal 
care, it is possible that at least six of the eight deaths'in 
infants weighing greater than 2,000 gm might have 
been prevented. Similarly, it is possible that all five 
deaths related to RDS in infants weighing in excess of 
1,500 gm might have been avoided, given optimal cir- 
cumstances: 

Review of the deaths by cause and by birth weight 
suggests that i in 23 cases (26.7%) the deaths were not 
preventable (Table VIII). These deaths occurred in the 
antepartum period, often of unknown causes, with 
subsequent maceration of the fetus, or because of se- 
vere anomalies incompatible with life. Regardless of 
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Table VIII. Avoidable pregnancy loss in 588 
twir. gestations 
Avoidable 


No — 266 


Cause of death 


Severe anomalies, 2 

Antepartum death with 

= weight <1,500 gm, 21 

Unknown causes, intrapartum 
and post partum, with 
weights <1,500 gm, 49 

Unknown causes, ante- 
partum, with macerated 
fetuses (2,665 and 2, 041 
gm),2 -> 

RDS with weight >1,500 gm, 
5 

Abruptio placentae (1,814 
and 2,440 gm), 2 

Intrapartum asphyxia with 
interlocking heads (2,211 
and 2,070 gm), 2 

Velamentous cord with vasa 
previa (2,977 gm), I 

Cord prolapse (2,495 gm), 1 
Unknown cause, intra- 

partum (1,616 gm), 1 


Probably not 59.4 


Possibly. 13.9 


the sophistication of medical care available, itis difficult 
to envision how these could have been avoided. In 51 
cases (59.4%), deaths were probably not avoidable. All 
of tnese fetuses weighed less than 1,500 gm and death 
occurred either in the intrapartum or postpartum pe- 
riod, usually because of immaturity and RDS. 

Whether or not individual deaths could have been 
prevented, it is reasonable to compare these data with 
those from another American center providing similar 
care. The results of 242 consecutive twin gestations de- 
livered at Parkland Memorial Hospital in Dallas, Texas, 
during a similar time period (January, 1971, to July, 
1974) is shown along with the Chicago data in Table 
IX. With the exception of the neonatal mortality rate 
for infants weighing between 1,500 and 1,999 gm, the 
stillborn and neonatal death rates for twins were 
sligntly but consistently lower in the 13 Chicago hospi- 
tals, although the differences did not attain statistical 
significance. | 


Comment 


The experience with outcome of twin pregnancies in 
13 Shicago hospitals during the 5-year period 1971 to 
1975 was reviewed retrospectively. The overall risk of 
pregnancy loss in twin gestation was 6.6%. Of the vari- 
ous risk factors studied, clearly the most significant is ` 


' pregnancy termination prior to the physiologic mat- 


uration of the fetus. The analysis of mortality by gesta- 
tional age or birth weight makes this point obvious. 
When one considers that almost half of all the infants 
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Table IX. Perinatal mortality rates (%): 13 Chicago hospitals (1971 to 1975) versus Parkland Memorial 


Hospital (1971 to 1974) 
| 13 Chicago hospitals 
Birth weight 


(gm) 
<500 17 70.6 23.5 
-500-999 46 13.0 63.0 
1,000-1,499 55 5.5 18.2 
1,500-1,999 163 2.5 3.1 
2,000-2,499 316 0.9 0.6 
2:500 +. 562 0.2 0.0 
Unknown 17 =" ~- 
Total 1,176 2.9 4.3 
= 1,000 gm 1,113 1.4 1.6 


Parkiand Memorial Hospital* 


Stillbirths Necnatal deaths Stillbirths Neonatal deaths 


5 100.0 — 
23 30.4 65.2 
46 8.7 30.4 
99 3.0 1.0 

145 2.8 0.7 
166 0.6 0.6 
484 5.0 6.6 
456 2.6 9.7 


*Data from Pritchard, J. A., and MacDonald, P. C.: Williams Obstetrics, ed. 15, New York, 1976, Appleton-Century-Crofts, 


p. 544. 


in this series weighed less than 2,500 gm, the clinical 
relevance of this finding is obvious. By way of compari- 
son with singleton births, in a recent evaluation of 340 
twin births and more than 30,000 singleton births the 
respective numbers of infants with birth weights less 
than 2,500 gm were 60% for the twins and less than 
12% for the singletons.’ 

Given these findings, it is reasonable to ask if any- 
thing can be done to decrease the rate of pregnancy 
wastage among twin gestation. Since the mechanism of 
the onset of parturition is not clearly understood, it is 
not yet possible to definitively outline a course of ther- 
apy capable of preventing premature labor. The avail- 
able’ methods which have been used to accomplish this 
rarige from simple treatments such as bed rest at home 
or in the hospital to the use of pharmacologic agents 
such as beta-adrenergic drugs and intravenous alcohol 
to inhibit uterine activity.® © !-'3 All of these measures 
have been observed to prolong gestation in certain in- 


stances. In particular, bed rest has been shown to be’ 


associated with higher birth weights in twins compared 
with those of twins whose mothers had not been put to 
bed.!*"'? The mechanism for the increased fetal weight 
is not yet known, but several factors may be operative, 
such as improved uterine blood flow, restriction of 
cigarette smoking, improved maternal nutrition, and 
possibly reduced intra-abdominal pressure." Although 
the concept of bed rest is attractive because of its 
simplicity, it is not as yet universally accepted as being 
of value.’® At present, the routine use of bed rest is 
more prevalent in Europe than in the United States. Y 
The major factor inhibiting more widespread use of 
bed rest in the United States is the prohibitive cost of 
hospitalization. Realistically speaking, attempts to in- 
struct patients who already have children at home to 
maintain strict bed rest are probably of greater value to 


the psyche of the physician than to the patient. A 
nonhospital facility such as a motel or a hotel, located 
within a few minutes of the hospital and staffed by 
nurse-midwives, could probably be of great help in our 
attempts to improve pregnancy outcome in multiple 


gestation. Bed rest, however, can be of value only if the 


diagnosis of multiple gestation is made early in preg- 
nancy.“ In the series we have reviewed, more than one 
of four cases of twin gestation was not recognized until 
labor began. ‘The diagnosis of multiple gestation must 


-be suspected clinically before an ultrasonic or other 


definitive examination can be ordered. At present, few 
obstetricians advocate routine ultrasound examinations 
for all pregnant women during the twelfth to sixteenth 
week in order to make an early diagnosis of multiple 
gestation. If ultrasound is performed at this early stage 
of gestation, accurate diagnosis of multiple gestation is 
facilitated; also, the fact that more twins apparently 
exist in the first trimester than survive into the third 
can be appreciated.'* This discrepancy, following re- 
sorption of blighted ova, has led to the concept of the 
“vanishing twin.”*° >a 
Whenever preterm delivery is threatened or immi- 
nent, efforts may be undertaken to (1) inhibit labor 
with beta-adrenergic stimulating drugs or ethanol” 
and (2) to accelerate fetal pulmonary maturation with 
exogenous glucocorticoid administration to the moth- 
er.?! This latter therapy has the greatest potential im- 
pact in those situations in which the risk of RDS is 
highest, i.e., between 28 and 32 weeks of gestation. 
Since it takes approximately 24 to 48 hours until the 
protective effect of maternal glucocorticoid adminis- 
tration can be observed in the fetus, the use of be- 
tamethasone can be advocated only in situations where 
it is likely that delivery can be delayed at least 24 hours 
and where its use is not medically contraindicated. 
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Glucocorticoid therapy is still the subject of intense in- 
vestigation, since its long-term effects are unknown at 
this time. 

In order to provide the highest standards of in- 
trapartum and neonatal care to the mother of twins 
and her offspring, referral of these high-risk patients 
to level III hospitals prior to labor and delivery is 
clearly indicated. Since in many cases the diagnosis of 
twin pregnancy is not made until after labor has ensued 
or until the first twin has been delivered, early transfer 
of low—birth weight newborn infants to a neonatal in- 
tensive care center is recommended to avoid unneces- 
sary death from RDS among those premature infants 
born in outlying institutions. . 

The retrospective nature of the study and the num- 
ber of hospitals involved precluded any attempt to de- 
termine the quality of antenatal care provided these 
pregnant women. Prenatal care was supervised by a 
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large number of physicians with varying degrees of in- 
ter2st in the obstetric complexities attendant to- mul- 
tip-e gestation. In this initial analysis of the data, our 
attention was focused primarily on the mother and her 
infants from the point of view of survival. 

Subsequently, the data base will be subject to further 
analysis of other aspects of multiple gestation, such as 
the interaction between medical complications of preg- 
nar.cy and methods of management of labor and deliv- 
ery with the birth weight and weight-specific twin mor- 
tality rates. To maintain a proper perspective of future 
improvements in fetal survival which might occur in 
the future, the present monitoring’ system for twin de- 
liveries will be continued in this group of hospitals 
through 1980, at which time the 1976 to 1980 experi- 
ence will be reported and compared with the present 
data. 
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DE. MARTIN N. MOTEW, Chicago, Illinois. Keith and 
associates, in a well-organized retrospective study of 
the autcome of twin pregnancies from 1971 to 1975, 
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set the data base for comparison of subsequent twin 
pregnancy analysis in a similar population through 

1980, the establishment of a level HII perinatal service 
and regionalized care being one of the major differ- 
ences between the two comparative groups. 

Their analysis of the demographic data describes the 
studied population accurately. It would, however, be 
important in comparing future study populations to 
know not only the ethnic distribution of the population 
but also the twinning incidence and mortality rates in 
each ethnic group, in case the distribution of the dif- 
ferent groups changes. In order to analyze the mortal- 
ity rates in twins, independent of general changes 
which also affect singleton pregnancies, analysis of the 
singleton population at the time of each study is impor- 
tant. The perinatal mortality rate of 6.6% in twin de- 
liveries compares favorably to that of other studies. 
Naeye and associates,’ in a recent comparative study in 
America and Africa, found a 15.9% twin perinatal 
mortality rate as compared to a 3.3% rate for singleton 
deliveries. The singleton mortality rate in Dr. Keith’s 
study is not mentioned in the article, thus making it 
hard to compare groups. 

“ Prematurity of twin pregnancies in this study (33%) 
and late detection (33%) after the onset of Jabor are 
risk factors, as mentioned in the paper, that are hard to 
control. Improved diagnostic techniques and treat- 
ments may, however, lower the risk factors. Persson 
and colleagues,? in an excellent paper on improved 
outcome of twin pregnancies, showed that by making 
an early diagnosis of twins by routine ultrasound 
screening of all antenatal patients at 19 weeks’ gesta- 
tion, and then hospitalizing those patients with twins 
from the twenty-eighth to the thirty-sixth week of ges- 
tation, reduction of the perinatal mortality rate to that 
of singleton pregnancies was accomplished. Correla- 
tion of mortality rates and gestational age at time of 
discovery of the twin pregnancy would be an important 


evaluation in determining if future improved diagnos- 


tic and therapeutic efforts are successful in preventing 
premature delivery, the most important factor in the 
increased perinatal mortality rate. 

As mentioned by the authors, bed rest with hospital- 
ization is a controversial treatment. Powers and Miller? 
reviewed twin pregnancies in the North Central Illinois 
Perinatal Region as regards the influence of bed rest 
during the most vulnerable pericd of gestation, 27 to 
34 weeks. The cost of hospitalization was approxi- 
mately 4.5 times the cost of the care of infants who 
were delivered prematurely and were treated in the 
Intensive Care Nursery. Other studies*~® have shown 
decreased mortality rates with increased weights at the 
. time of delivery for patients put at bed rest. Other au- 
thors, such as Jonas’ and Harris and Gibbs,’ noted no 
change with this treatment. 

Medearis and associates,® in a 5-year analysis of 
statewide statistics in Missouri, studied the effects of 
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various complications such as pre-eclampsia, abruptio 
placentae, premature rupture of membranes, maternal 
diabetes, and Rh incompatibility on twin mortality 
rates. They also analyzed the effects of delivery of twins 
by cesarean section and found no significant difference 
in mortality rates when compared to vaginal deliveries. 
These factors should be analyzed in comparing the two 
groups to be studied. 

The authors’ Table VI includes data concerning the 
outcome of the second twin. According to many stud- 
ies, this depends on such variables as method of deliv- 
ery, anesthetics used, operative procedures performed, 
and time interval between delivery of the first and sec- 
ond twin. It would also be helpful to analyze the route 
of delivery of the second twin, as this seems to be 
changing the mortality rates of multiple pregnancies. 
Of particular note in this regard is the difference in 
death rate between twin | and twin 2, each weighing 
1,000 to 1,499 gm (35/100 versus 77/100). An analysis 
as to why such a high mortality rate occurred in this 
range for the second twin, despite the same facilities 
being available fcr both infants, might be vital in trying 
to compare the rext 5-year study with the first. 

Another area not analyzed in this study which might 
alter therapy or care is the incidence of monozygosity 
in those infants who died (mortality rate being 2.5 
times that of dizygotic twins). This factor can now be 
determined antenatally with ultrasound (demonstra- 
tion of twin sacs). The risk of interlocking twins can be 
prevented, fetus-fetus transfusion syndrome can be 
diagnosed, and disproportionate twins can be followed 
up antenatally and appropriate measures taken. Robin- 
son and Caines noted that twinning with subsequent 
degeneration of one fetus occurs at a much higher rate 
than ever suspected, as demonstrated by ultrasound. 

The authors clearly state that factors such as early 
diagnosis, inhibition of premature labor, ultimate in- 
creasing of birth weight, and improved treatment care 
facilities for the neonate will decrease mortality rates. 
They also note other critical factors that will need to be 
studied and compared. These include management of 
the second twin, evaluating the routes of delivery, 
zygosity, and the effects of having ultrasonography to 
diagnose and follow up these high-risk fetuses. 

The next 5-year study, which will be prospective and 
based on this first study, will be even more rewarding in 
helping us to analyze not only the effect of regionaliza- 
tion of perinatal care but also the modernization of 
techniques in caring for the twin gestation. 
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Excessive abdominal transverse fetal diameter is demonstrated to be a sensitive screening factor in 
the selection of gestational d-abetic patients. An oral glucose tolerance test was performed in 92 
pregnant women with potential gestational diabetes criteria and in 21 women without potential 
diabetic characteristics but with an abdominal transverse fetal diameter above the ninety-fifth 
percentile. Thirty-eight percent of the women in the latter group had an abnormal oral glucose 
tolerance test. Moreover, most infants born to gestational diabetic women had an excessive 
abdominal transverse diameter although the biparietal diameter and birth weight remained fairly 


normal. (AM. J. OBSTET. GYNECOL. 138:790, 1980.) 


THE EFFECT of maternal diabetes on fetal macrosomia 
is well known, although the phvsiopathologic mecha- 
nisms involved have not yet been clearly elucidated. 
Ultrasonic survey allows recognition of large-for-dates 
fetuses before delivery and has permitted us to diag- 
nose gestational diabetes in some apparently healthy 
pregnant women with only abnormal fetal measure- 


ments. As a result of these findings, we were interested 


in a retrospective study on the relationship between 
gestational diabetes and ultrasonic fetal measurements. 


Patients and methods 


Glucose tolerance was investigated in 113 pregnant . 


women without earlier known diabetes, after the 
thirty-second week of pregnancy, between January 1, 
1978, and April 30, 1979. Ninety-two patients were po- 
tentially diabetic, with one or more of the following 
characteristics: diabetes in the close family, obesity, 
previous child with birth weight over 4,500 gm or un- 
explained stillbirth, fasting glycosuria, or hydramnios. 
Twenty-one were studied because of an ultrasonic 
measurement of a fetal abdominal transverse diameter 
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greater than the ninety-fifth percentile of our own 
curves, without any other indications of potential 
diabetes. 

An oral glucose tolerance test (OGTT).was_ per- 
formed in the morning, with the nonsmoking patient 
sitting at rest after a normal food intake for 72 hours 
and fasting at least the previous 10 hours. The glucose 
intake was 1 gm/kg of body weight. The plasma glucose 
level was determined on venous blood and measured 
by the automatic colorimetric enzymatic method. Ac- 
cording to Pedersen,’ the OGTT was considered as ab- 
normal if the values at 120 and 150 minutes, respec- 
tively, were 167 mg/100 ml (9.3 mmoles/L) and 145 
mg/100 ml (8.0 mmoles/L) or higher. These plasma | 
glucose values correspond to 140 mg/100 ml (7.6 
rmmoles/L) and 120 mg/100 ml (6.5 mmoles/L) of 
whole blood.? 

Ultrasonic measurements were performed by means 
of a real-time scanner (2.25 MHz transducer). Bipari- 
etal diameter was measured according to the method of 
Campbell.? The abdominal transverse diameter was 
measured at right angles to the longitudinal axis at the 
level of the umbilical vein.4 Results were inter- 
preted according to curves established in our depart- 
ment (Fig. 1). 


Results 


OGTT results for potentially diabetic women and 
women with large fetuses are shown in Table I. The 
incidence of abnormal OGTTs was 14% in potentially 
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Table I. OGTT results according to selection criteria 


Women Normal Abnormal 
(No.) OGTT OGTT 


Potentially diabetic 79 (86%) 13 (14%)* 
Abnormal transverse 

diameter > ninety- 

fifth percentile , 21 13 (62%) 8 (38%)* 





*p < 0.05 by chi-square test = 5.0 with Yates correction. 


gestational diabetic women and sigmfcantly higher 
(38%) in women with large-for-dates fetuses but with- 
out potentially diabetic characteristics. Twelve poten- 
tially gestational diabetic women also had an abnormal 
fetal transverse diameter measurement above the 
ninety-fifth percentile and four of these women (33%) 
demonstrated an abnormal OGTT. . 

Table II depicts the OGTT results in the 113 women 
studied as a function of abdominal fetal measurement. 
Women with a fetal abdominal transverse diameter 
under the ninety-fifth percentile had an abnormal 
OGTT in only 11% of the cases, while those with a 
diameter above the ninety-fifth percentile had an ab- 
normal OGTT in 36% of the cases. 

Of all the patients studied, abnormal OGTTs were 
found in 21 cases. Fetal measurements in these cases 
are shown in Table III. The fetal abdominal transverse 
diameter was above the ninety-fifth percentile in ‘12 
cases (57%) while fetal biparietal diameter was above 
the ninety-fifth percentile in only 6 cases (28.5%). 

All but one of the infants were healthy at birth and 
during the first 6 days. One fetus died 2 days before 
birth; the mother was obese; with previously known 
hypertension, and had a normal OGTT. 

Among the 21 infants of mothers with gestational 
diabetes, three had a birth weight above the ninetieth 
percentile and only one of them was above the ninety- 
fifth percentile. The mean birth weight of these infants 
was 3,460 gm (SD = 415 gm) and the mean duration of 
gestation was 38.2 weeks (SD = 1.2 weeks). It must be 
pointed out that all gestational diabetic patients had a 
restricted diet of 1,600 to 2,000 calories with 40% car- 
bohydrates, according to their weight. 


Comment 


Infants who are overweight for gestational age have 
been recognized for a long time as characteristic of the 
infant born to a diabetic woman. In our series only one 
infant of the 21 born to gestational diabetic women had 
birth weight over the ninety-fifth percentile and the 


mean birth weight of these infants shows only a small . 


excess when compared with the mean birth weight of 
infants of the same duration of gestation in our hospi- 
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Fig. 1. Reference curves for fetal ultrasonic measurements. 
Biperietal diameters for the fiftieth (J), ninetieth (3), and 
ninezy-fifth (4) percentiles and abdominal transverse diame- 
ters for the fiftieth (2), ninetieth (5), and ninety-ffth (6) per- 
cent les as shown. The means and percentile limits were es- 
tablished for each week of pregnancy, from 25 weeks to term 
(40 to 166 patients for each week; normal distribution of data 
with range of SDs between 2.6 and 3.8 mm for biparietal 
diameter and between 4.1 and 6.0 for abdominal transverse 
diameter). In total, 1,817 individual measurements of both 
parameters were obtained from patients with singleton preg- 
nancies and fetal birth weights between the fifth and the 
ninety-fifth percentiles. 


tal (3,250 gm at week 38). This may be related to strict 
blood sugar control as suggested by other authors." * 

Ciagnostic ultrasound is a useful tool to recognize 
abnormal fetal growth patterns prior to birth. Fetal 
head measurement, especially the biparietal diameter, 
is the most widely used parameter but it does not give 
the best results in estimation of birth weight. Campbell 
and Wilkin’ reported tne use of fetal abdominometry 
for the prediction of fetal weight with improved accu- 
racy. Wladimircff and co-workers® have shown that the 
ultrasonic measurement of the fetal chest area is su- 
per:or to the biparietal diameter measurement for the 
diagnosis of large-for-dates infants. Our results show 
tha: the abdominal transverse diameter is above the 
nin2ty-fifth percentile in 57% of the infarts of gesta- 
tioral diabetic women while the biparietal diameter 
retrains under the ninety-fifth percentile in most of the 
cases. Murata and Martin? also found a normal 
biparietal diameter in most infants of diabetic mothers. 
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Table IX. OGTT results according to fetal abdominal transverse diameter measurements 


Abdominal transverse measurement Normal OGTT Abnormal OGTT 
< Ninti P 
Nintieth percentile (90%) 60 jn (89%) (10%) 7 | 8 (11%)* 
> Nintieth and < ninety-fifth percentile (85%) 11 (15%) 2 
> Ninety-fifth percentile — 21 (64%) 12 (36%)* 


*p < 0.01 with chi-square test = 9.04. 


Table III. Ultrasonic measurements in 2] cases of 
gestational diabetes 







Abdominai 
transverse 
diameter 








Biparietal — 


Measurement diameter 





< Ninetieth percentile (12 (57%) ` 7 (33.5%) 
> Ninetieth and < ninety- - 
fifth percentile 8B (14.5%) 2 (9.5%) 
> Ninety-fifth percentile 6 (28.5%)* 12 (57%)* 
Total | 21 (100%) 21 (100%) 


*p < 0.05 with paired series test. 


Apparent discordance in the effects of diabetes on 
cephalic and abdominal measurements may be ex- 
plained by anatomic findings. It is now well established 
that macrosomia of the infant of a diabetic mother is 
principally the result of excessive fat storage.® In addi- 
tion, there is an enlargement of fetal organs which af- 
fects generally the pancreas, the heart, and often the 
liver.® All these effects may be responsible for the en- 
largement of the abdomen. On the contrary, the brain 


of the infant of a diabetic woman is often smaller than 
that in a normal infant,’ 

From a diagnostic viewpoint an enlarged abdominal 
diameter has been found to be a worthwhile indicator 
of potential gestational diabetes. Thirty-eight percent 
of the women with only this anomaly had an abnormal 
OGTT. These results agree with those of Sutherland 
and Stowers,” who found a great number of abnormal 
intravenous glucose tolerance tests when an excessive 
fetal fat outline on a radiograph was present either 
alone or assoc:ated with other criteria of potential ges- 
tational diabetes. The ultrasonic measurement of the 
abdominal diameter of the fetus can, therefore, im- 
prove the detection of gestational diabetes. The in- 
fluence of unrecognized gestational diabetes upon the 
perinatal mortality rate is well documented." "7" Most 
authors emphasize the necessity of improved screening 
and identification of gestational diabetes. An excessive 
fetal abdominal size shown by an ultrasound survey 
seems to be a useful addition to the classic criteria of 
potential gestational diabetes. 
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Transplacental ampicillin: Inhibitory concentrations in 


neonatal serum 
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Concentrations of ampicillin were measured in maternal serum £t delivery, in cord serum, and in 
neonatal serum sampled at 1, 4, and 8 hours after ampicillin had been administered prophylactically 
to 22 mothers who were undergoing cesarean section. The concentrations of ampicillin in maternal 
serum at delivery ranged from 4.6 to 60 ug per milliliter and were inversely related to the time 
between administration of the drug and delivery. Concentrations in cord serum ranged from 4.4 to 
23 ug/ml and were lower than those in corrasponding maternal samples in all but two cases. The 
ratios of cord/maternal concentrations of ampicillin ranged from 0.16 to 1.3 and were directly related 
to the time which had:-elapsed between administration of ampici lin and delivery. The mean 
concentration of ampicillin in cord and neonatal serum declined =xponentially in the 8 hours after 
infusion; it exceeded the minimal inhibitory concentration against Escherichia coli for 4 hours and 
against Listeria monocytogenes and group B streptococcus fcr at least 8 hours. (AM. J. OBSTET. 


GYNECOL. 138:793, 1980.) 


POSTPARTUM FEBRILE MORBIDITY is a frequent 
complication of cesarean section and significantly in- 
creases the length and cost of hospitalization for af- 
fected mothers. Many studies have demonstrated the 
effectiveness of prophylactic preoperative administra- 
tion of antibiotics in reducing the incidence of this 
complication, ™* especially in mothers classified as 
being at high risk. Ampicillin, because of its broad 
spectrum, relative lack of toxicity to mother and fetus, 
and capacity to achieve high levels in serum, is one of 
the antibiotics most frequently used for this pur- 
pose. Several investigators have demonstrated placen- 
tal transfer of ampicillin to the fetus and amniotic 
fluid,*® and one study showed the. persistence of 
measurable levels in the infants’ sera for 4 hours.’ 
The purpose of this study was to determine whether 
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prenatal administration of ampicillin results in neo- 
natal serum concentrations which are inhibitory for or- 
garisms that commonly infect newborn infants, and if 
so, for how long. 


Material and methods 


Fatient selection and procurement of samples. The 
study group consisted of 22 mothers, for whom the 
attending obstetrician prescribed prophylactic ampicil- 
lin prior to cesarean section, and their newborn infants, 
at North Carolina Memorial Hospital during Septem- 
ber and November, 1978, and January, 1979. The 
project was approved by the institution’s Committee on 
the Protection of the Rights of Human Subjects, and 
informed consent was obtained from the mothers prior 
to any preoperative medication. Each mother received 
an intravenous infusion of 1 gm of sodium ampicillin in 
25) ml of 5% dextrose over 10 to 20 minutes, begun at 
times ranging from 10 minutes to 127 minutes prior to 
de_ivery. 

Maternal blood was obtained at the time of delivery 
by venipuncture from the arm which had not been 
used for the infusion of ampicillin. Cord blood was ` 
ob-ained in the routine manner, with no attempt being 
mzde to separate umbilical venous and arterial blood. 
Neonatal blood was obtained by venipuncture, heel- 
stick, or via umbilical artery catheter, if one was already 
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Fig. 1. Concentrations of ampicillin in maternal serum at de- 
livery, in relation to time between infusion and delivery. 
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Fig. 2. Concentrations of ampicillin in maternal serum at de- 
livery and in corresponding samples of cord serum. 


in place for another reason, at approximately 1, 4, and 
8 hours after the start of the maternal infusion of am- 
picillin; the exact times were recorded. Samples were 
allowed to clot at room temperature and were cen- 
trifuged; serum was removed and stored at —70° C for 
less than 24 hours, prior to assay. 

Three infants. were suspected of sepsis and received 
infusions of ampicillin between 1 and 8 hours of age. 
Subsequent samples from these infants were not in- 
cluded in the data. Complete datz {all five samples) are 
reported for 14 mother-infant pairs, at least four sam- 
ples from 17 mother-infant pairs, and at least three 
samples from all 22 mother-infant pairs. 

Assay of ampicillin in serum specimens. A mod- 


December 1, 1980 
Am. J. Obstet. Gynecol. 


C/M RATIO © 





20 40 60 80 100 120 
TIME AFTER INFUSION (minutes) 


Fig. 3. Relationship of cord/maternal (C/M) serum ampicillin 
concentration ratios to time between administration of am- 
picillin and delivery. 


ification of the bioassay method described by Bennett 
and associates® was used to measure the concentrations 
of ampicillin in all specimens of serum. One milliliter of 
a’ 1:10 dilution of a Bacillus subtilis ATCC 6633 spore 
suspension (Difco Laboratories, Detroit, Michigan) was 
added to 70 ml of molten sterile trypticase soy agar that 
had been cooled to 55° C. After thorough mixing, the 
agar-spore mixture was dispensed into a 150 by 15 mm 
sterilé Petri dish. The agar was then allowed to solidify 
on a level surface. . 

As many as 18 wells were created in each solidified 
agar plate through use of a sterile No. 2 cork borer. 
The agar plugs were > aspirated by a vacuum trap ap- 
paratus. 

Ampicillin powder of known potency provided by 
Beecham Laboratories (Bristol, Tennessee) was used to 
prepare antibiotic standards in pooled normal human 
serum (Gibco Diagnostics, Grand Island, New York). 
The concentraticns of ampicillin employed for these 
standards were: 10, 5, 2.5, and 1.25 ug/ml. Serum as- 
says were performed by adding 50 ul duplicate samples 
of standards and undiluted serum specimens, as well as 
1:2, 1:4, and 1:6 dilutions of serum specimens, to 
individual wells of the spore-containing plates. Assay 
plates were then incubated at 35° C for 18 hours on a 
level surface. After incubation, the zone of inhibition 
surrounding each well was measured with a caliper. A 
standard curve was constructed by plotting the mean 
zone size for each concentration of standard versus the 
concentration of ampicillin. The concentration of am- 
picillin in each of the patient specimens was cies eg 
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Fig. 4. Mean disappearance curve for ampicillin in cord and neonatal serum after maternal infusion 


of ampicillin. 


mined by relating the average zone size to the standard 
curve and determining the corresponding concentra- 
tion of ampicillin. 

On each day of testing, duplicate samples that con- 
tained varying known concentrations of ampicilin 
were. also tested. If the concentration of ampicillin for 
one of these samples exceeded a + 10% variation from 
that which was known, all samples tested on that day 
were retested. The assay was found to be capable of 
measuring ampicillin with an accuracy of + 10%, 

Minimal inhibitory concentrations. A review was 
made of the results of dilution susceptibility tests per- 
formed with ampicillin upon bacteria recovered from 
either the blood or cerebrospinal fluid of infants less 
than 1 month of age who were cared for in this institu- 
tion between October, 1976, and July, 1979. Minimal 
inhibitory concentrations (MICs) were determined 
for blood or cerebrospinal fluid isolates of Listeria 
monocytogenes and Escherchia coli by means of a broth 
dilution method that adhered to the recommendations 
of an international collaborative study.’° MICs for 
Haemophilus influenzae were determined by means of a 
microtiter broth dilution method."! 

Statistical methods. All concentrations of ampicillin 
in cord and neonatal serum samples were plotted 
against time elapsed from maternal injection. The 
mean ampicillin disappearance curve was determined 
from a series of computerized programs for “best fit.” 


Results 


The infant population was comprised of four pre- 
term infants (33, 30, 28, and 36 weeks), 17 term in- 
fants, and one postterm infant (43 weeks). Birth 
weights ranged from 940 to 4,000 grams. Three infants 


e gwere small for gestational age, and the other 19 were of 


appzopriate weight for gestational age. Five of the in- 
fants were admitted to the neonatal intensive care unit 
for >rematurity and/or illness in the neonatal period. 
One of these infants died of prematurity, respiratory 
distress syndrome, and intraventricular hemorrhage. 
Nore of the infants had documented bacterial infec- 
tion during the neonatal period. 

Concentrations of ampicillin in cord serum and the 
ampicillin disappearance curves in neonatal serum 
wer2 not significantly different for the four premature 
infants when compared with those of the 18 term and 
positerm infants, nor for the three ill newborn infants 
when compare with the 19 well infants. Therefore, all 
date were pooled for analysis. 

The concentrations of ampicillin in maternal serum 
at delivery ranged from 4.6 to 60 ug/ml and were in- 
versely related to the time between administration of 
ampicillin and delivery (Fig. 1). The concentrations of 
ampicillin in samples of cord serum ranged from 4.4 to 
23 ug/ml and were lower than those in corresponding 
maternal samples in all but two cases (Fig. 2). The ratios 
of cord to maternal concentrations of ampicillin (C/M 


' ratios) ranged from.0.16 to 1.3 and were directly 


related to the time which had elapsed between adminis- 
tration of ampicillin and delivery (Fig. 3). Concentra- 
tors of ampicillin in neonatal serum declined expo- 
nertially in the 8 hours subsequent to maternal 
administration (Fig. 4). 

Among the bacterial isolates encountered in speci- 
mens cf blood or cerebrospinal fluid from neonates in 
North Carolina Memorial Hospital during the 34- 
moath period under review, there were four strains of 
group B streptococci, three strains of Listeria mone- 
cytozenes, and one strain each of B-lactamzse negative 
Haemophilus influenzae, Escherichia coli, and Streptococcus 
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faecalis for which ampicillin MICs had been deter- 

mined. With the exception of the single isolate of E. 
coli, all organisms demonstrated ampicillin MICs of less 
than | pg/ml. MICs for group B streptococci ranged 
between 0.06 and 0.25 ug/ml. The single E. coli strain 
tested yielded an ampicillin MIC of 4.0 ug/ml. Four 
other £. colt strains recovered frem cultures of blood or 
cerebrospinal of neonates during the same period were 
susceptible to ampicillin when tested by the disc diffu- 
_ sion method. 


Comment 


We have shown mean concentrations of ampicillin in 
the infants’ sera which exceeded the minimal inhibitory 
concentration for 4 hours against the less sensitive (E. 
coli) and for at least 8 hours against the more sensitive 
(L. monocytogenes and group B streptecoccus) organisms 
which commonly cause, neonatal infections. The con- 
centrations of ampicillin in cord sera in all cases ex- 
ceeded minimal inhibitory concentrations for ampicil- 


lin susceptible organisms which cause neonatal sepsis in ` 


this hospital. Ampicillin susceptibility of bacteria en- 
countered in this institution is similar to that reported 
by others.” # 

The longer the interval between a single maternal 
dose and delivery, the larger the ratio of cord to ma- 
ternal serum concentrations at delivery. Infants born 
more than 2 hours after maternal administration of 
ampicillin.may have serum concentrations of ampicillin 
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serum for up to 4 hours and found the concentrations 
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reduces maternal risk of postpartum febrile morbidity 
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administration. 6 , 
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The perinatal distribution of butorphanol was determined in relat on io maternal-neonatal transfer 
and colostrum/milk excretion in obstetric patients. Parenteral bu’orphanol passed the placental 
barrier and was found in neonatal cord serum. The mean neonatal serum concentration of 
butorphanol was not different from the mean maternal serum concentration of butorphanol, following 
a1 or 2 mg intramuscular dose. Butorphanol was detected in the milk of lactating women following 
oral and intramuscular administration. Serum and milk concentratiors appeared to be parallel with 
time. This observation was confirmed by the constancy of the mean milk-to-serum concentration 
ratio (0.7 intramuscular, 1.9 oral). We calculated that 4 ug would be the maximum amount of 
butorphanol, which would be expected to be present in the full caily milk output (1 L) following 
administration four times a day of 2 mg intramuscular or of 8 mg oral doses. An oral dose of 4 ug to 
an infant weighing 4 kg corresponds to the negligible oral dose >f 0.07 mg to a 70 kg adult. The 
demonstrated safety and efficacy of butorphanol as an obstetric analgesic and the characteristics of 
the maternal-neonatal transfer and milk excretion are indicative of the potential excellence of this 
agent for obstetric use. (AM. J. OBSTET. GYNECOL. 138:797, 1930.) 


BUTORPHANOL (/-N-cyclobutylmethyl-3,148-dihydroxy- 
morphinan) is a new, potent, totally synthetic agonist- 
antagonist analgesic,! effective both parenterally and 
orally. In- clinical studies parenterally administered 
butorphanol exhibited an analgesic potency five times 
greater than that of morphine,” 20 times greater than 
that of pentazocine,® and 40 times greater than that of 
meperidine.* Maduska and Hajghassemali® demon- 
strated the safety and efficacy of parenteral butor- 
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phenol as a prepartum analgesic. Drug effects in the 
infant can be related to placental transfer in the neo- 
nate® and excretion in milk in the nursing mother.’ 
Thz2 maternal-fetal transfer and colostrum/milk excre- 
tion of butorphanol were determined in the present 
clirica. studies in order to establish the perinatal dis- 
position of this drug. 


Methods 


Maternal-neonatal transfer study. Six healthy pa- 
tients with moderate to severe prepartum pain (age 
2142 years, height 162+ 5 cm, and prepartum 
we ght 66 + 14 kg) participated in this study. The 
study protocol was approved by an Institutional Review 
Board, and a signed informed consent was obtained 
frcm each subject. Butorphanol tartrate (Stadol) was 
administered intramuscularly once or twice at doses of ` 
l or 2 mg at times ranging between 1.4 and 6.3 hours 
beore delivery (Table I). Maternal and neonatal cord 
bleod samples were obtained just after delivery, al- 
lowed to clot, and centrifuged to obtain serum. Serum 
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Table I. Maternal and neonatal serum concentrations of butorphanol following intramuscular administration — 
of butorphanol tartrate 






Time of sample collection 
No. following dose 
i hr, 25 min* 
2 hr, 16 min* 
2 hr, 58 min* 
2 hr, 27 min* 
6 hr, 21 min* 
3 hr, 41 min* 
3 hr, 26 min* 
41 min* 


(Sp) Cat eB OS ND pwa 
m ee O MO me NO m ii 


*The approximate elapsed time between dosing and delivery. 


Serum butorphanol (ng/ml) 











Neonatal: maternal 


ratio 
0.76 0.64 0.84 
0.40 0.16 0.40 
0.73 1.02 1.40 
0.57 0.55 0.96 
0.84 0.64 0.76 


1.25 0.83 0.66 


Table II. Mean serum and colostrum/milk concentrations of butorphanol in nursing women following single 


intramuscular and oral doses of butorphanol tartrate 


Des ae Fluid 


2 mg Intramuscular Serum 


2 
Colostrum/milk ] 
Milk-to-serum ratio Q. 

2 
3 
1 


8mg Oral Serum 


Colostrum/milk 
Milk-to-serum ratio 


samples were immediately frozen and stored at — 20° C 
prior to analysis. Butorphanol was stable in serum 
under these storage conditions. 
Colostrum/milk-excretion study. Twelve healthy, 
lactating, postpartum women (age 27 + 7 years, height 


158 + 4 cm, and prepartum weight 65 + 9 kg) partici-. 


pated in this study. The study protocol was approved 
by an Institutional Review Board, and a signed in- 
formed consent was obtained from each subject. The 
subjects were not nursing their infants at the time of 
study entry and/or agreed to delay breast-feeding until 
24 hours after the butorphanol dose. Butorphanol tar- 
trate was administered to six women at a single 2 mg 
intramuscular dose at 79 + 20 hours after delivery and 
to six other women at a single 8 mg (two 4 mg tablets) 
oral dose at 68 + 36 hours after delivery. 

Predose blood and colostrum/milk samples were ob- 
tained just prior to administration of the drug. The 
breasts were emptied at this time. Blood samples sub- 
sequently were collected at 1, 3, and 6 hours following 
intramuscular administration and at 1.5, 4 and 6.5 
hours following oral administration and processed for 
serum. Colostrum/milk samples were collected at in- 
tervals of 0 to 2, 2 to 4, and 4 to 8 hours after in- 
tramuscular administration and at intervals of 0 to 3, 3 
to 5, and 5 to 8 hours after oral administration, by 
emptying both breasts at the end of each collection in- 


Butorphanol (ng/ml) 


terval. Samples were frozen immediately and stored 
at ~ 20° C prior to analysis. Butorphanol was stable in 
these fluids under the storage conditions. The pH of 
each colostrum/milk: sample was determined with a 
Corning Model 10 pH meter equipped with a silver/ 
silver chloride combination electrode. 

Butorphanol analysis. The concentration of butor- 
phanol in serum and milk was determined by a specific 
radioimmunoassay? (RIA) with 'J-butorphanol used 
as the radiolabeled antigen. The antibody does not 
cross react with two known metabolites (hydroxy- 
butorphanol and norbutorphanol) but does react with 
a butorphanol conjugate.® The procedure involved ex- 
traction of the biological fuid at alkaline pH with 
hexane/2% isoamly alcohol followed by assay of the 
reconstituted extract. In the case of colostrum/milk, 
samples were washed by hexane extraction to remove 
neutral lipids prior to alkalinization. The RIA proce- 


dure was specific for butorphanol since extraction elim- 


inated interference from cross-reacting metabolite(s). 
The precision of the assay was 6% to 9% and the accu- 
racy was 8% to 12%.8 

Statistical analyses. The mean maternal and neo- 
natal serum concentrations were compared by means 
of the paired t test. The mean milk-to-serum concen- 
tration ratios for each collection period with each route 
of administration were compared with a two-way anal- 
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ysis of variance (ANOVA).® The overall mean milk-to- 
serum concentration ratio after intramuscular adminis- 
tration was compared to the mean ratio after oral 
administration, with the t test? on subject means taken 
across time. The variability of all means in this report is 
represented as the mean + standard deviation. 


Results 


Butorphanol passed the placental barrier and was 
distributed into the neonatal serum. Maternal and 
neonatal serum butorphanol concentrations are pre- 
sented in Table I. The mean maternal sérum-—to- 
neonatal serum ratio was 0.9, which was not sig- 
nificantly different than unity, since the mean differ- 
ence between maternal and neonatal serum was not 
significant (p > 0.05, t test). 

Butorphanol was detected in milk following both in- 
tramuscular and oral administration. Serum and milk 
concentrations of butorphanol are presented in Table 
II. A graphic representation of mean serum and milk 
concentrations is shown in Fig. 1. Serum and milk con- 
centrations were higher after the 8 mg oral dose than 
after the 2 mg intramuscular dose. The apparent paral- 
lelism of the serum and milk coricentrations with time 
was confirmed by the constancy of the mean milk- 
to—mean serum concentration ratio (Table II). No sig- 
nificant differences (p > 0.05, ANOVA) between mean 
ratios were observed at any time after €ither in- 
tramuscular or oral administration. However, the 
overall mean ratio after intramuscular administration 
(0.7) was significantly (p > 0.001, t test) less than the 
ratio (1.9) after oral administration. The mean pH of 
colostrum/milk from re women receiving the in- 
tramuscular dose was 7.1 + 0.2 (SD) (N = 24) and that 
from the women receiving the oral dose was 7.1 + 0.3 
(SD) (N = 24). 

No depression was observed in kaban infants fol- 
lowing administration of butorphanol to the mothers 
just prior to or after parturition. 


Comment 


The passive transport of xenobiotics and endoge- 
nous chemicals across the placenta is regulated by the 
physicochemical properties of the chemical and the 
physiologic characteristics of the maternal-placental- 
fetal unit. Butorphanol, a moderately lipophilic, basic 
compound with a pKa of 8.6, would exist primarily in 
the ionized form (94%) at a plasma pH of 7.4. Protein 


binding can decrease diffusion and lower the amount ° 


of fetal drug because of lower protein binding in fetal 
serum. The distribution of butorphanol should not be 


affected by protein binding, since it is only 80% bound | 


to plasma proteins.'® The mean neonatail-to-maternal 


a 
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Fig. 1. Semilog plot of mean serum and colostrum/milk 
concentrations of butorphznol after intramuscular and oral 
administration of butorphanol tartrate. e = Serum, 2 mg 
intramuscularly, N = 6; a =colostrum/milk, 2 mg in- 
tramuscularly. N = 6; o = serum, 8 mg orally, N = 6; 
A = colostrum/ milk, 8 mg orally, N = 6. 


ratic of sèrum butorphanol of near unity is charac- 
teris:ic of many basic drugs. A maternal-neonatal ratio 
of 0.89 has been reported for meperidine® and a ratio 
of 0.6 has been reported for pentazocine."! 

Studies" with 9H-butorphanol in normal, adult, male 
subjects have demonstrated the presence of a major 
metabolite, hydroxybutorphanol (3,14 dihydroxy-N- 
(trans-§’ -hydroxycyclokutylmethyl) morphinan), in se- 
rum and urine following oral and parenteral adminis- 
tration. Norbutorphanol (3, 14-dihydroxymorphinan) 
was identified as a minor urinary metabolite. These 
metabolites had no activity in the mouse writhing assay 
at a subcutaneous dose of 40 mg/kg, whereas the EDs o 
of Euterphanol was 0.05 mg/kg.’* Butorphanol me- 
tabclites could exist in the fetus as a result of placental 
or fetal metabolism,'* '° but the circulating metabolites 
of butorphanol, hydroxybutorphanol and butorphanol 
glucurenide,® would not be expected to diffuse ef- 
hciently into, the fetus. because of their decreased 
lipophilic activity. Although -butorphanol metabolites 
app2ar to be devoid of significant pharmacologic activ- 
ity m animal tests, meperidine metabolites have been 
implicated in psychophysiologic disturbances and in re- 
spiratory depression in the infant. The incidence of 
neonatal depression was related to the time of injection 
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before delivery and to the dose and the rate of mater- 


nal metabolism of meperidine. It was concluded that ' 


the metabolites of meperidine, rather than the parent 
‘compound, were the probable cause of the depression. 
The lack of pharmacologic activity of the major me- 
tabolites of butorphanol and the demonstration of the 
clinical safety of butorphanol in the neonate® are indic- 
ative of the potential superiority of butorphanol as an 
obstetri Ic analgesic. 

There is general agreement that drugs which can be 
administered to the pregnant mother without risk to 
the fetus can be given to the nursing mother with as- 
surance of safety for the infant. Nevertheless, a knowl- 
edge of the actual extent of excretion of a drug in milk 
is a critical factor in the assessment of drug exposure in 
the breast-fed baby.!® Drug excretion in milk is regu- 
lated by the same physicochemical properties which 
regulate the passive transport process in the maternal- 
fetal unit.” Based upon a pKa for butorphanol of 8.6, a 
serum pH of 7.4, and the observed mean colostrum/ 
milk pH of 7.1, the theoretical concentration ratio of 
butorphanol between milk and plasma is 1.9. This 
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value is identica] to the mean ratio of 1.9 observed fol- 


lowing oral butorphanol. Why the colostrum/milk to 


serum ratio of butorphanol following intramuscular 
administration (0.7) should have been different is-in- 
explicable at this time and would be an interesting 
question for further research. If butorphanol 1 was ad- 
ministered at a 2 mg intramuscular dose or an 8: mg 
oral dose four times daily, the mean daily serum con- 
centration would be 2.0 ng/ml or less. Based on a mean 
serum concentration of 2 ng/ml, a daily milk excretion 
of 1,000 ml, and a milk-to-serum ratio of 2, the maxi- 
mum daily dose of butorphanol to a neonate would be 
4 ug. This corresponds to a negligible oral dose of 0.07 
mg to a 70 kg adult. The absence of deleterious effects 
in the neonate when parenteral butorphanol is used as 
an obstetric analgesic also indicates safety. The poten- 
tial for-a neonatal effect from the administration. of 
parenteral or oral butorphanol to the nursing mother 
would appear to be minimal. ’ 


We thank B. J. Floor and R. C. Van Buskirk for RIA 
analysis. 
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*Yutopar should be used only in suitable patients 
when clearly indicated. Yutopar is contraindicated 
before the 20th week of gestation. 








Yutopar'’ 


(ritodrine hydrochloride) 


The Vital Gift of Time in Preterm Labor in 
Suitable Patients 


A multicenter series of randomized, prospective, double-blind, controlled studies comparing ritodrine 
hydrochloride with either ethanol or placebo in the treatment of idiopathic preterm labor have established 
Yutopar as the first effective tocolytic with generally acceptable side effects available in the U.S.‘ Yutopar is 
truly the gift of time. 





Ritodrine Control Significance 
Time in utero 
Mean, days gained 32.6 21.3 p<0.001 
Gestational Age at delivery (weeks) 35.5 34.5 p<0.05 


Time to mature 
Incidence of respiratory 


distress syndrome’ 11% 20% p<0.05 





Time to be born’ 


Attaining 36th week of gestation 


or beyond 52% 38% p<0.05 
Attaining birth weight of 2500 g 

or more 58% 43% p<0.05 
Incidence of neonatal death 5% 13% p<0.05 


"When steroids were administered concomitantly to mothers to 
hasten fetal lung maturity, maternal pulmonary edema occurred in 
a few cases. (See Warnings.) 


tSee pregnancy statement in Precaution section of prescribing information. 


ivi eA rre ‘ Y (Please read the Product Information on 
| the last page before prescribing Yutopar.) an 


The first product indicated exclusively for the 
management of preterm labor in suitable patients 


Clinical Pharmacology 
e Uterine effects: 


Yutopar is a beta-sympathomimetic agent. Its preferential stimulatory effects are on betaz2 receptors, 
which result in relaxation of uterine muscle. 


F.S., G-I, P-O, 35 Weeks 
PREMATURE CONTRACTIONS 
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Figure 2. Tracing of the intravenous Yutopar infusion effect on uterine activity from a single 
patient in preterm labor at 35 weeks. The tracing records, in 10 minute segments monitored 


$s by external tocography, uterine activity immediately before and during a 90 minute infusion 
=e with the Yutopar dose increasing from 50 to 250 ug. per minute. 
28 From Lauersen et al.' 
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e Cardiovascular effects: 
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Figure 3. The mean maternal pulse pressure and heart rate are shown to increase during intravenous ritodrine treatment and 
there is a slight rise in the mean systolic blood pressure.’ These effects are less marked in the control group and show a tendency 
to subside during oral therapy. 


Based on data from Wesselius- DeCasparis et a/.’ 


e Metabolic effects: 


As a consequence of its beta- mimetic mechanism of action, ritodrine intravenously has transient metabolic 
effects. These may include elevations of blood glucose,®:9 insulin,®»? triglycerides,'° and free fatty acids.'° 
Decreased serum iron and serum potassium have also been found.'° No effects on other electrolytes have 
been reported. 


References: 1. Barden, T.P., Peter, J.B., and Merkatz, I.R.: Ritodrine Hydrochloride: A Betamimetic Agent for Use in 
Preterm Labor, |. Bt apts 2 Clinical History, Administration, Side Effects, and Safety. Obstet. & Gynecol. 56:1-6, 1980. 
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Bieniarz, J.: Cardiovascular effects of beta-adrenergic agonists. In, Pre-Term Labour, Proceedings of the Fifth Study Group 
of the Royal College of Obstetricians and Gynaecologists 1977, A. Anderson, R. Beard, J.M. Brudenell, P Dunn, Ed., 
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-Yutopar 

_ (ritodrine hydrochloride) 
Dosage and Administration Chart 


Frequent monitoring of maternal uterine contractions, heart rate, and blood pressure, and of fetal heart 
rate is required. The dose of Yutopar should be individually titrated according to response. 


INTRAVENOUS 

Intravenous administration of Yutopar should be supervised by persons having knowledge of the 
pharmacology of the drug and qualified to identify and manage complications of drug administration 
and pregnancy. 


The patient receiving intravenous therapy should be kept in the left lateral recumbent position. 


Solution: dilute 150 mg. ritodrine hydrochloride (3 ampuls) in 500 ml. solution, which yields a final 
concentration of 0.3 mg./ml. (Do not use parenteral Yutopar if the solution is discolored or contains any 
precipitate or particulate matter.) The following solutions may be used for dilution: 


0.9% w/v sodium chloride 10% w/v invert sugar 
5% w/v dextrose Cpd sodium chloride (Ringer's) 
10% w/v Dextran 40 in Hartmann’s 


0.9% w/v sodium chloride 


Method of Administration: a controlled infusion device is recommended to adjust the rate of flow in 
drops per minute. An i.v. microdrip chamber 60 drops/ml. can provide a convenient range of infusion 
rates within the recommended dose for Yutopar. 


Dosage: the usual initial dose is 0.1 mg./minute, to be increased according to results by 0.05 mg./minute 
every 10 minutes until the desired result is obtained. The effective dosage usually lies between 0.15 and 
0.35 mg./minute. The infusion should generally be continued for at least 12 hours after uterine 
contractions cease. 


Dosage equivalents 


(at dilution of 3 ampuls/500 ml. fluid) 
if microdrip chamber (60 drops/mI.) is used 


equals Note: At the recommended dilution and rate of 


administration, the maximum volume of fluid which 
might be administered over 12 hours at the highest 
dose (0.35 mg./min.) will be approximately 840 ml. 
The total amount of i.v. fluids administered and the 
rate of administration should be monitored to avoid 
circulatory fluid overload. 


Recurrence: may be treated with repeated infusions, 
as above 





ORAL 


Maintenance: 1 tablet (10 mg.) approximately 30 minutes before termination of i.v. therapy. For the 
first 24 hours the usual dosage is 1 tablet every 2 hours. Thereafter, the usual dosage is 1 or 2 tablets 
(10 to 20 mg.) every 4 to 6 hours, depending on uterine activity and side effects. Total daily dose should 
not exceed 120 mg. 


(Please read the Product Information on the last page before administering Yutopar.) 
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Yutopar 
(ritodrine hydrochloride) 
the vital gift of time 


CAUTION: Federal law prohibits dispensing without prescription. 


DESCRIPTION 

Yutopar, which contains the betamimetic (beta sympathomimetic amine) rito- 
drine hydrochloride, is available in two dosage forms. Yutopar for parenteral 
(intravenous) use is a Clear. colorless, sterile. aqueous solution: each milliliter 
contains 10 mg. of ritodrine hydrochloride, 0.44% (wv) of acetic acid, 0.24% 
(w/v) of sodium hydroxide, 0.1% (w/v) of sodium metabisulfite, and 0.29% 
(wv) of sodium chloride in water for injection USP Hydrochloric acid or 
additional sodium hydroxide is used to adjust pH. Each Yutopar tablet contains 
10 mg. of ritodrine hydrochloride. 


Ritodrine hydrochloride is a white, odorless crystalline powder, freely soluble in 
water. with a melting point between 193° and 201°C. The chemical name of 
ritodrine hydrochloride is erythro-p-hydroxy-c«-[1-[(p-hydroxyphenethy!) 
amino Jethy! | benzy! alcohol hydrochloride and has the chemical structure: 


On 
HO CH-CH-NH-CH, -=CH, OH 
CH, 


CLINICAL PHARMACOLOGY 

Yutopar (ritodrine hydrochloride) is a beta-receptor agonist, which has been 
shown by ın vitro and in vivo pharmacologic studies in animals to exert a 
preferential effect on the (32 adrenergic receptors such as those in the uterine 
smooth muscle. Stimulation of the 2 receptors inhibits contractility of the 
uterine smooth muscle 


In humans, intravenous infusions of 0.05 to 0 30 mg. min. or single oral doses 
of 10 to 20 mg decreased the intensity and frequency of uterine contractions 
These effects were antagonized by beta-blocking compounds. Intravenous 
administration induced an immediate dose-related elevation of heart rate with 
maximum mean increases between 19 and 40 beats per minute. Widening of the 
pulse pressure was also observed; the average increase in systolic blood 
pressure was 4 0 mm. Hg. and the average decrease in diastolic pressure was 
12. 3mm Hg With oral intake, the increase in heart rate was mild and delayed 


During intravenous infusion in humans, transient elevations of blood glucose, 
insulin, and free fatty acids have been observed. Decreased serum potassium 
has also been found, but effects on other electrolytes have not been reported. 


Serum kinetics in humans (non-pregnant females) of an intravenous infusion of 
60 minutes duration were determined by measuring serum ritodrine levels by a 
radioimmunoassay technique. Three half-lives were calculated: the first of 6 to 9 
minutes dominated the ascending phase of the serum drug-level curve; the 
second phase of 1.7 to 2.6 hours dominated the descending curve; and finally, a 
third phase. with a half-life of more than 10 hours, was discernible. In a study of 
serum kinetics after oral ingestion _ subjects). the decline of serum drug 
levels could be described in terms of a two-phase decay with an initial half-life of 
1.3 hours and a final half-life of 12 hours. With either route of administration, 
90% of the excretion was completed within 24 hours after the dose 


Comparison of ritodrine serum levels after intravenous administration with 
those after oral dosage indicates the oral bioavailability is about 30%. Intraven- 
ous infusion at a rate of 0.15 mg. min. for 1 hour yielded maximum serum 
levels ranging between 32 and 52 ng./ml. in a group of 6 non-pregnant female 
volunteers; maximum serum levels following single and repeated (4 x 10 
mg. 24 hr.) 10 mg. oral doses ranged between 5 and 15 ng.'ml. and were 
obtained within 30 to 60 minutes after ingestion 


Placental transfer was confirmed by measurement of drug concentrations in 
cord blood showing that ritodrine and its conjugates reach the fetal circulation 


INDICATIONS AND USAGE 
Yutopar is indicated for the management of preterm labor in Suitable patients. 


Administered intravenously, the drug will decrease uterine activity and thus 
prolong gestation in the majority of such patients. After intravenous Yutopar has 
arrested the acute episode, oral administration may help to avert relapse 
Additional acute episodes may be treated by repeating the intravenous infusion 
The incidence of neonatal mortality and respiratory distress syndrome increases 
when the normal gestation period is shortened 
Since successful inhibition of labor is more likely with early treatment, therapy 
with Yutopar should be instituted as soon as the diagnosis of preterm labor is 
established and contraindications ruled out in pregnancies of 20 or more weeks’ 
gestation. The efficacy and safety of Yutopar in advanced labor, that is, when 
cervical dilatation is more than 4 cm. or effacement is more than 80%, have not 
been established 

CONTRAINDICATIONS 

Yutopar is contraindicated before the 20th week of pregnancy. 

Yutopar is also contraindicated in those conditions of the mother or fetus in 

sic continuation of pregnancy is hazardous. specific contraindications 

include: 
1. Antepartum hemorrhage which demands immediate delivery 
2. Eclampsia and severe preeclampsia 

. Intrauterine fetal death 

. Chorioamnionitis 
Maternal cardiac disease 

. Pulmonary hypertension 

. Maternal hyperthyroidism 

. Uncontrolled maternal diabetes mellitus (See Precautions. ) 

. Pre-existing maternal medical conditions that would be seriously affected 
by the known pharmacologic properties of a betamimetic drug; such as: 
hypovolemia, cardiac arrhythmias associated with tachycardia or digitalis 
intoxication, uncontrolled hypertension, pheochromocytoma, bronchial 
asthma already treated by betamimetics and/or steroids 

10. Known hypersensitivity to any component of the product 

WARNINGS 

Maternal pulmonary edema has been reported rarely in patients treated 

concomitantly with Yutopar and corticosteroids and one maternal death has 

been reported in such a patient. Patients so treated must be closely moni- 
tored in hospital. If pulmonary edema develops, the drugs should be 
discontinued and the edema managed by conventional means. 
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Intravenous administration of Yutopar should be supervised by persons having 
knowledge of the pharmacology of the drug and who are qualified to identify and 
manage complications of drug administration and pregnancy. rdio- 
vascular responses are common and more pronounced dung intravenous 
administration of Yutopar, cardiovascular effects. including maternal pulse rate 
and blood pressure and fetal heart rate, should be closely monitored. Care 
should be exercised for maternal signs and symptoms of pulmonary edema. 


Occult cardiac disease may be unmasked with the use of Yutopar. 


The drug should not be administered to patients with mild to moderate pre- 
eclampsia, hypertension, or diabetes unless the attending physician considers 
that the benefits clearly outweigh the risks. 


PRECAUTIONS 

When Yutopar is used for the management of preterm labor in a patient with 
premature rupture of the membranes, the benefits of delaying delivery should be 
balanced against the potential risks of development of chorioamnionitis 


Among low birth weight infants, approximately 9% may be growth retarded for 
gestational age. Therefore. Intra-Uterine Growth Retardation (IUGR) should be 
considered in the differential diagnosis of preterm labor; this is especially 
important when the gestational age is in doubt. The decision to continue or 
reinitiate the administration of Yutopar will depend on an assessment of fetal 
maturity. In addition to clinical parameters, other studies, such as sonography 
or amniocentesis, may be helpful in establishing the state of fetal maturity if it is 
in doubt. 


Laboratory Tests 

Because intravenous administration of Yutopar has been shown to elevate 
plasma insulin and glucose and to decrease plasma potassium concentrations, 
monitoring of glucose and electrolyte levels is recommended during protracted 
infusions. Special attention should be paid to biochemical variables when 
treating diabetic patients or those receiving potassium-depleting diuretics. 


Drug Interactions 
Corticosteroids used concomitantly may lead to pulmonary edema. (See Warnings.) 


The effects of other sympathomimetic amines may be potentiated when concur- 
rently administered and these effects may be additive. A sufficient time interval 
should elapse prior to administration of another sympathomimetic drug. 


Beta-adrenergic blocking drugs inhibit the action of Yutopar: coadministration of 
these drugs should, therefore, be avoided 


With anesthetics used in surgery, the possibility that hypotensive effects may be 
potentiated should be considered. 


Carcinogenesis 
In rats given oral doses of 1, 10, and 150 mg./kg./day of ritodrine hydrochloride 
for 82 weeks, no evidence of tumorigenicity was noted. 
Pregnancy 
Teratogenic Effects 
Pregnancy Category B) 

production studies were performed in rats and rabbits. The doses employed 
intravenously were 1/9 (1 mg./kg.), 1/3 (3 mg./kg.). and 1 (9 mg./kg.) times 
the maximum human daily intravenous dose (but given to the animals as a bolus 
rather than by infusion). The oral doses, 10 and 100 mg./kg. represented 5 and 
50 times the maximum human daily oral maintenance dose. The results of these 
studies have revealed no evidence of impaired fertility or harm to the fetus due to 
ritodrine hydrochloride. 


No adverse fetal effects were encountered when single intravenous doses of 1, 
3, and 9 mg./kg./day or oral doses of 10 and 100 mg./kg./day were given to rats 
and rabbits on Days 6 through 15 and 6 through 18 of gestation, respectively. 
Intravenous doses of 1 and 8 mg./kg./day or oral doses of 10 and 100 
mg./kg./day administered to the mother from Day 15 of pregnancy to Day 21 
postpartum did not affect perinatal or postnatal development in rats. A slight 
increase in fetal weight in the rat was observed. Oral administration to both 
sexes did not impair fertility or reproductive performance. Lethal doses to 
pregnant rats did not cause immediate fetal demise. There are no adequate and 
well-controlled studies of Yutopar effects in pregnant women before 20 weeks’ 
gestation; therefore, this drug should n used before the 20th week of 
pregnancy. Studies of Yutopar administered to ope He women from the 20th 
week of gestation have not shown increased risk of fetal abnormalities. Follow- 
up of selected variables in a small number of children for up to 2 years has not 
revealed harmful effects on growth. developmental or functional maturation. 
Nonetheless, although clinical studies did not demonstrate a risk of permanent 
adverse fetal effects from Yutopar. the possibility cannot be excluded; therefore, 
Yutopar should be used only when clearly indicated. 


Some studies indicate that infants born before 36 weeks’ gestation make up less 
than 10% of all births but account for as many as 75% of perinatal deaths and 
one-half of all neurologically handicapped infants. There are data available 
indicating that infants born at any time prior to full term may manifest a higher 
incidence of neurologic or other handicaps than occurs in the total population of 
infants born at or after full term. In delaying or preventing preterm labor, the use 
of Yutopar should result in an overall increase in neonatal survival. Handicapped 
infants who might not have otherwise survived may survive 


ADVERSE REACTIONS 
The unwanted effects of Yutopar are related to its betamimetic activity and 
usually are controlled by suitable dosage adjustment. 


ffects Associ with Intravenous Administration 

Usual effects (80-100% of patients) 

Intravenous infusion of Yutopar leads almost invariably to dose-related altera- 
tions in maternal and fetal heart rates and in maternal blood pressure. During 
Clinical studies in which the maximum infusion rate was limited to 0.35 
mg./min. (one patient received 0.40 mg./min.), the maximum maternal and 
fetal heart rates averaged, respectively, 130 (range 60 to 180) and 164 (range 
130 to 200) beats per minute. The maximum maternal systolic blood pressures 
averaged 128 mm. Hg (range 96 to 162 mm. Hg), an average increase of 12 
mm. Kg from pretreatment levels. The minimum maternal diastolic blood 
pressures averaged 48 mm. Hg (range 0 to 76 mm. Hg), an average decrease of 
23 mm. Hg from pretreatment levels. While the more severe effects were 
usually managed effectively by dosage adjustments, in less than 1% of patients, 
persistent maternal tachycardia or decreased diastolic blood pressure required 
withdrawal of the drug. 


Yutopar infusion is associated with transient elevation of blood glucose and 
insulin, which decreases toward normal values after 48 to 72 hours despite 
continued infusion. Elevation of free fatty acids and cAMP has been reported. 
Reduction of potassium levels should be expected: other biochemical effects 
have not been reported. 


Frequent effects (10-50% of patients) 

Intravenous Yutopar, in about one-third of the patients, was associated with 
palpitation. Tremor, nausea, vomiting, headache. or erythema was observed in 
10 to 15% of patients. 

Occasional effects (5-10% of patients) 

Nervousness, jitteriness, restlessness, emotional upset, or anxiety was re- 
ported in 5 to 6% of patients and malaise in similar numbers. 

Infrequent effects (1-3% of patients) 

Cardiac symptoms including chest pain or tightness (rarely associated with 
abnormalities of ECG) and arrhythmia were reported in 1 to 2% of patients. 
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Other infrequently reported maternal effects included: anaphylactic shock, rash, 
heart murmur, epigastric distress, ileus, bloating, constipation, diarrhea, dysp- 
nea, hyperventilation, hemolytic icterus, glycosuria, lactic acidosis, sweating. 
chills, drowsiness, and weakness. 


anata tects 

infrequently reported neonata! symptoms include hypoglycemia and ileus. In 
addition, hypocalcemia and hypotension have been reported in neonates whose 
mothers were treated with other betamimetic agents. 


Etfects Associated with Oral Administration 
Frequent effects ( <50% of patients) 


Oral ritodrine in clinical studies was often associated with small increases in 
maternal heart rate, but little or no effect upon either maternal systolic or 
diastolic blood pressure or upon fetal hear rate was found. 


Oral ritodrine in 10 to 15% of patients was associated with palpitation or tremor 
Nausea and jitteriness were less frequent (5 to 8%), while rash was observed in 
some patients (3 to 4%), and arrhythmia was infrequent (about 1%). 


OVERDOSAGE 

The symptoms of overdosage are those of excessive beta-adrenergic stimula- 
tion including exaggeration of the known pharmacologic effects, the most 
prominent being tachycardia (maternal and fetal), palpitation, cardiac arrhyth- 
mia, hypotension, dyspnea, nervousness, tremor, nausea, and vomiting. If an 
excess of ritodrine tablets is ingested, gastric lavage or induction of emesis 
should be carried out followed by administration of activated charcoal. When 
ag of overdose occur as a result of intravenous administration, ritodrine 
should be discontinued; an appropriate beta-blocking agent may be used as an 
antidote. Ritodrine hydrochloride is dialyzable 


Acute intravenous toxicity was studied in rats and rabbits and acute oral toxicity 
in mice, rats, guinea pigs, and dogs. The LD50 values in the most sensitive of 
the species used were 64 mg./kg. intravenously in the nonpregnant rabbit and 
540 mg./kg. orally in the nonpregnant mouse. The intravenous LD50 value in 
the pregnant rat was 85 mg./kg. The amount of drug required to produce 
symptoms of overdose in humans is individually variable. No reports of human 
mortality due to overdose have been received. 


DOSAGE AND ADMINISTRATION 

In the management of preterm labor, the initial intravenous treatment should 
usually be followed by oral administration. The optimum dose of Yutopar is 
determined by a clinical balance of uterine response and unwanted effects. 


Intravenous Therapy 
o not use intravenous Yutopar if the solution is discolored or contains any 
precipitate or particulate matter. 


Yutopar solution should be used promptly after preparation, but in no case after 
48 hours of preparation. 


Method of Administration: To minimize the risks of hypotension, the patient 
should be maintained in the left lateral position during infusion and careful 
attention given to her hydration. 


For appropriate control and dose titration a controlled infusion device is 
recommended to adjust the rate of flow in drops/minute. An i.v. microdrip 
chamber (60 drops/ml.) can provide a convenient range of infusion rates within 
the recommended dose range for Yutopar. 


Recommended Dilution: 150 mg. ritodrine hydrochloride (3 ampuls) in 500 mi. 
fluid yielding a final concentration of 0.3 mg./ml. Ritodrine for intravenous 
infusion should be diluted with one of the following: 

—0.9% w/v sodium chloride solution 

— 5% w/v dextrose solution 

— 10% w/v dextran 40 in 0.9% w/v sodium chloride solution 

— 10% w/v invert sugar solution 

— Compound sodium chloride solution (Ringer's solution) 

—Hartmann's solution 


Intravenous therapy should be started as soon as possible after diagnosis. The 
usual initial dose is 0.1 mg./minute (0.33 ml./min., 20 drops/min. using a 
microdrip chamber at the recommended dilution), to be gradually increased 
according to the results by 0.05 mg./minute (0.17 ml./min., 10 drops/min. 
using a microdrip chamber at the recommended dilution) ia 10 minutes until 
the desired result is attained. The effective dosage usually lies between 0.15 and 
0.35 mg./minute (0.50 to 1.17 ml./min., 30-70 drops/min. using a microdrip 
chamber at the recommended dilution), The infusion should generally be 
continued for at least 12 hours after uterine contractions cease. With the 
recommended dilution, the maximum volume of fluid that might be adminis- 
tered after 12 hours at the g dose (0.35 mg./min.) will be approximately 
840 mi. T ount of i.v. fluids administered and the rate of administration 
should be monitored to avoid circulatory fluid overload. Frequent monitoring of 
maternal uterine contractions, heart rate, and blood pressure, and of fetal heart 


rate is required, with dosage individually titrated according to response. 


ga Maintenance 
ne tablet (10 mg.) may be given approximately 30 minutes before the 


termination of intravenous therapy. The usual dosage schedule for the first 24 

hours of oral maintenance is 1 tablet (10 mg.) every two hours. Thereafter the 

usual dose is 1 or 2 tablets (10 to 20 mg.) every four to six hours, the dose 

depending on uterine activity and unwanted effects. The total daily dose of oral 

ritodrine should not exceed 120 mg. The treatment may be continued as long as 

the physician considers it desirable to prolong pregnancy. 

Recurrence of unwanted preterm labor may be treated with repeated infusion of 

Yutopar. 

HOW SUPPLIED 

NDC 0068-0599-53: 5 ml. ampuls in boxes of 12. Each ampul contains 50 mg. 
(10 mg./ml.) of ritodrine hydrochloride. 

NDC 0068-0595-60: 10 mg. tablets in bottles of 60. Each round, yellow tablet 
contains 10 mg. ritodrine hydrochloride and is inscribed 
YUTOPAR on one side and scored on the other. 

Product Information as of July, 1980 

Both the tablet and intravenous dosage forms should be stored at room 

temperature, preferably below 86°F. (30°C.). Protect from excessive heat. 
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Gonadotropin therapy for anovulation is highly successful: 58.6% of treated patients ccnceive. 
Better results are achieved in patients with galactorrhea-amenorthea (77.1%) and hypogonadotropic 
hypogonadism (63.3%) than in patients with normal gonadotropin levels (45.4%). The spontaneous 
abortion rate (27.5%) is somewhat higher than that in spontaneous Sregnancies. The multiple 
pregnancy rate is 31% and was slightly, lower in cycles with preovulatory estrogen levels in the 
physiologic range. In patients treated with human menopausal and chorionic gonadotropins for 7 to 
9 days per cycle, the multiple pregnancy rate is considerably less (12.9%) than in patients with 
longer treatment. The efficacy of treatment does not diminish wich repeat-treatment cycles. 


(AM. J. OBSTET. GYNECOL. 138:8C1, 1980.) 


THE POSSIBILITY of inducing ovulation with human 
pituitary gonadotropin was first demonstrated by Gem- 
zell and associates.' Shortly thereafter the use of 
human menopausal gonadotropin (hMG) in combina- 
tion with human chorionic gonadotropin (hCG) was 
introduced for the treatment of infertility resulting 
from disorders of the ovarian-hypothalamic-pituitary 
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axis. This therapy has now been used for about 20 
years with great success, particularly after methods for 
monitoring estrogen levels as a means of following the 
prcgression of the treatment were described by Ittrich? 
and Brown and Beisher.* Several reviews 0: eee 
treatment have been published.“ € 
In 1972, we reported on 101 patients who had been 
treated with hMG/hCG for 212 cycles.” The main ob- 
jective of that study was to relate preovulatory estrogen 
levels to the incidence of successful pregnancies and 
complications such as ovarian ny Per E Mulder and 
multiple pregnancies. . 
The present paper represents a review of all treat- 
ment cycles given in th:s départment to date, including 
these of the earlier years. The main consideration after 
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Table I. First conception and delivery of first living child 


December 1, 1980 
Am. J. Obstet. Gynecol. 


Noa. of | 
Group patients freated First conception First successful pregnancy 


Group 1 (low gonadotropin levels) 109 

Group 2 (normal gonadotropin 83 
levels) 

Group 3 (elevated prolactin levels) 35 

Total 232 


69 (63.3%) 60 (55.0%) 
40 (45.4%) 29 (32.9%) 
27 (77.1%) 26 (74.3%) 
136 (58.6%) 115 (49.6%)* 


* Among these 115 patients were 12 who after further treatment had another successful delivery of a second child (or children). 
One woman had two single children followed by quintuplets at a third delivery, and one woman was delivered twice of single 


children and twice of twins. 


Table II. Ovulations and conceptions in 655 hMG/hCG treatments given to 232 patients 










Conceptions 
(% of ovulatory cycles) 
1 109 320 304 (95%) 90 (29.6%) 
2, 88 949 944 (98%) 5 48 (19.7%) 
3 35 86 86 (100%) 0 44 (51.2%) i 
Total 232 655 634 (96.8%) 2] 182 (28.7%) 


this prolonged experience is to determine which 
groups of patients, benefit most from this treatment 
and how long and which doses of hMG are optimal. 


Material and methods 


Patient selection and classification. From 1963 to 
1979, 242 patients were treated during 674 cycles. 
Among them were 10 patients (13 cycles) with primary 
ovarian failure and high serum gonadotropin levels 
who did not respond as expected and were excluded 
from the following review. Included are nine patients 
with anovulation, with additional factors contributing 
to their infertility. Two had lysis of pelvic adhesions, 
two were treated for Asherman’s syndrome, and five 
patients had husbands with low sperm counts. 

All patients except those with galactorrhea-amenor- 
rhea were grouped according to the classification sug- 
gested by Insler and associates? and by the World 
Health Organization. Group 1 comprised 89 patients 
who had no evidence of estrogen activity and low 
serum gonadotropin levels. This group contained pa- 
tients with hypogonadotropic hypogonadism, includ- 


ing 15 with primary amenorrhea. The patients pre- ` 


sented with a history of amenorrhea, an atrophic vagi- 
na, absent or minimal cervical mucus, and absence of 
withdrawal bleeding after progesterone administra- 
tion. Baseline estrogen levels were lower than 10 2/24 
hours in the urine or lower than 80 pg/ml in the serum. 
Group 2 included 84 patients who had evidence, of 
some endogenous estrogen activity and low or normal 
gonadotropin levels. These patients had a history of 


oligomenorrhea or amenorrhea for less than 6 months, 
demonstrated cervical mucus and an estrogenized va- 
gina, and had withdrawal bleeding following proges- 
terone administration. Baseline estrogen levels were 
higher than 10 wg/24 hours in the urine or greater 
than 80 pg/ml in the serum. When estrone and es- 
tradiol measurements were done separately, estrone 
was usually the major component. The majority of pa- 
tients in this group were diagnosed as having the 
polycystic ovary syndrome. 

Because of the importance of prolactin in the repro- 
ductive processes and the ability to measure it in the 
blood, patients with the galactorrhea-amenorrhea syn- 
drome formed a third group. The diagnosis was based 
on clinical observation of galactorrhea-amenorrhea 
and, since 1974, prolactin levels were determined in all | 
anovulatory patients. Group 3 included 35 women. If 
previous treatment for pituitary adenomas by radiation 
or operation was successful, those patients were in- 
cluded in Group 1 and only those patients with persis- 
tent galactorrhea or elevated ae levels were in- 
cluded in Group 3. 

Mode of therapy. Pergonal was used as the hMG 
preparation in all patients. There is general agreement 
that the Pergonal administration schedule has to be 
adjusted individually. Since 1966, all of our patients 
have been started with two ampules of Pergonal daily 
(75 IU of follicle-stimulating hormone (FSH) and 75 
IU of luteinizing hormone (LH) per ampule). The dose 
was then increased every 3 to 4 days as indicated by the 
ovarian response. The last dose of Pergonal was fol- 
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Table III. Outcome of conceptions 
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Total 
No. of live births 


Multible pregnancies 


l 24 (26.7%) 42 (46.6%) 24 (26.7%) 66 (73.3%) 
2 re 16 (33.3%) 25 (52.1%) 7 (14.6%) 32 (66.6%) 
2 44 10 (22.7%) 24 (54.5%) 10 (22.7%) 34 (77.3%) 
Total 182 50 (27.5%) 91 (50.0%) 132 (72.5%) 


lowed by a single dose of 10,000 IU of hCG. The length 
of Pergonal therapy was usually 7 to 15 days but in 
individual cases it was extended up to 25 days. In pa- 
tients treated before 1966, the treatment was more 
variable, particularly with respect to the dose of hCG. 

Estrogen monitoring of ovarian response. Ina small 
group of patients who received hMG/hCG before 
1964, the degree of ovarian response was judged by 
clinical impression only. Starting in 1964, measure- 
ment of urinary estrogens was used to monitor the re- 
sponse. A preovulatory urinary estrogen level of 8C to 
250 ug/24 hours was considered to be adequate.‘ Since 
1977, serum estrogen levels determined by radioim- 
munoassay have been used. Preovulatory serum estro- 
gen levels in the range of 500 to 1,500 pg/ml are con- 
sidered optimal. 

Evidence of ovulation. Occurrence of pregnancy 
provided definite proof of ovulation. Blood progester- 
one levels above 3 ng/ml (or urinary pregnanediol 
levels above 2 mg/24 hours) and/or biphasic tempera- 
ture curves together with appropriately timed uterine 
bleeding provided indirect evidence of apparent ovu- 
lation. 


Results 


Among the 232 women treated for infertility, 136 
conceived and 115 were delivered of living infants. The 
greatest percentage of successfully treated women was 
seen in Group 3 (74%); somewhat smaller success rates 
occurred in Group 1 (55%) and in Group 2 (33%). 
These data are shown in Table I. 

Among the 115 patients with successful pregnancies, 
after further treatment, 12 had another successful de- 
livery of a second child (or children). (See footnoze to 
‘Table I). 

The data on ovulation and conception for all treat- 
ment cycles are shown in Table II. Ovulation was in- 
duced in nearly all treatment cycles. The ovulation rate 
(ovulations per treatment cycle) was between 95% and 
100% in all three groups of patients. The concepiion 
rate achieved during these cycles was 51.2% in Group 3 
(the patients with galactorrhea- -amenorrhea), 29.6% in 
Group I, and 19.7% in Group 2. The conception rate 


4] (22.5%) 


Table IV. 2 pregnancies 


I 18 I 0 24 
2 5 i l 0 7 
3 5 4 0 l 10 
To: 2 l 4] 


zal 28 10 


was significantly higher (P < 0.001) in Group 3 than in 
Groups | and 2 and significantly lower (P <0.001) in 
Group 2 than in Group 1. However, Group 2 excluded 
all women who had conceived following clomiphene 
administration. If this portion of our patient popula- 
tion had been treated with hMG/hCG instead of 
clomiphene, the conception rate in Group 2 might well 
have been higher. l 

Table IJI presents the outcome of the 182 concep- 
tions. Successful pregnancies resulted in 132 patients 
(72.5%) while 50 pregnancies (27.5%) ended in abor- 
tion. Most of the abortions occurred in the first trimes- 
ter and there were only a few in the second trimester. 
The abortion rate (as percent of conceptions) was 
slightly higher in Group 2 than in Groups 1 and 3. 
Amp>ng the successful pregnancies, 91 were single 
birtas and 41 were multiple births. The overall mul- 
tiple-pregnancy rate was 31% of live births with a sig- 
nificantly lower percentage in Group 2 than in Groups 
] and 3 (P < 0.001). The breakdown of multiple preg- 
nancies 1s shown in Table IV. There were 28 twins, 10 
triplets, two quadruplets, and one set of quintuplets in 
our series. 

Table V presents the number of treatment cycles 
administered before a patient achieved conception fol- 
lowed by a live birth. Of the 132 conceptions resulting 

a living child 39.4% occurred after the first cycle. 
Women who desired repeat treatment after having a 
firs: child are included in this table as starting again 
with their first cycle. Up to 14 treatment cycles have 
been given to women who wished to continue treat- 
ment. However, a considerable number of patients 
chcse to discontinue treatment at earlier stages, some 
even after the first or second cycle when these had not 


804 Schwartz et al. $ December 1, 1980 
Am. J. Obstet. Gynecol. 


Table V. Number of treatment cycles required to achieve conception and a live birth 


No. 











Discontinued 
treatment without live birth 








l 242 74 (30.6%) 22 (9.1%) 52 (21.5%) 27 
2 163 47 (28.8%) 10 (6.1%) 37 (22.7%) 39 
3 87 23 (26.4%) 5 (5.7%) 18 (20.1%) 20 
4 49 11 (22.4%) 3 (6.1%): 8 (16.3%) 9 
5 32 10 (31.2%) 3 (9.4%) 7 (21.8%) 4 
6 21 4 (19%) -> 2 (9.5%) 2 (9.5%) 5 
7 12 5 (41.6%) 2 (16.6%) 3 (25%) 6 
8 9 3 (33.3%) 1 (11.1%) 2 (22.2%) l 
9 6 3 (50%) | (16.7%) 2 (33.3%) 2 
10 2 —- — — ] 
SE ] — — — — 
12 I l 1 — — 
13 j — — — — 
14 l l — l — 
Total 182 50 132 l 114 





Table VI. Days of Pergonal treatment required to attain sufficient ovarian stimulation 


Live births 
of me cycles Conceptions Aam (% of conceptions) 






Multiple pregnancies 
(%: of live births) 





7-9 158 49 (31.0%) 18 (36.7%) 31 (63.3%) 4 (12.9%) 

10-15 376 107 (28.4%) 21 (19.6%) 86 (80.4%) 34 (39.5%) 

16-25 100 26 (26.0%) 11 (42.3%) 15 (57.7%) 3 (20.0%) 
Table VII. Ampules of Pergonal given per | maturation and it was this intermediate period which 
ovulatory treatment cycle proved, in general, to be optimal. In this group the 





abortion rate was lowest, 19% as compared to 35% dur- 


No. of treatment cycles f : 
ing the short and 42% during the prolonged treatment 






No. of ampules periods (P < 0.05). However, the incidence of multiple 
9-19 42 (13.8%) 70 (28.7%) 6 (7.0%) pregnancies was highest (39% versus 13% and 20%). 
20-39 145 (47.6%) 138 (54.5%) 41 (47.7%) The amount of Pergonal administered to an indi- 
40-59 61 (20.1%) 38 113.5%) 24 (27.9%) ae Je te Raa Table WII Soe 
60+ 56 (18.4%) § 13.3%) 15 (17.4%) vidual patient per cycle is s own in Table a S ac 
a a ee tory response was elicited with 9 to 19 ampules in a 
One ampule of Pergonal is equivalent to 75 IU of FSH plus considerable number of patients in Groups | and 2, but 
75 1U of LH. 


rarely in Group 3. The most frequently used dose was 
between 20 and 39 ampules. Practically all patients in 


resulted in pregnancy. These patients are listed in the Group 2 responded to up to 59 ampules, whereas a 
last column of the table. The pregnancy rates suggest considerable number of patients in Groups 1 and 3 
that the chances of conception and successful delivery needed more than 60 ampules of Pergonal. | 
do not decline significantly as the number of treatment . Table VIII shows the extent of ovarian stimulation as 
cycles increases. Therefore, it appears justified to en- judged by estrogen levels in blood or urine. The estro- 
courage patients to continue treatment, even bevond ‘gen levels are grouped in such a way that the first 
the first three cycles. group of the table represents levels correspording to 
Not only the dose of Pergonal kut also the time span maximal midcycle physiologic levels, the second group 
over which it was administered appeared to influence represents levels found empirically to indicate ovarian 
the outcome of treatment. Pergonal was given over 7 to stimulation optimal for induction of ovulation, and the 
25 days before ovulation was induced. In Table VI the third group represents extensive ovarian stimulation. 
duration of treatment is grouped according to short (7 While conception rates were similar in all three groups, 
to 9 days), intermediate (10 to 15 days), and prolonged the abortion rates were highest in the extensively stimu- 
(16 to 25 days) periods. The intermediate period lated group, a fact we reported earlier.’ Consequently, 


\ 


reflects most closely the physiologic period of follicular the extensively stimulated group had 20% fewer suc- 
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Table VIII. Preovulatory estrogen levels and outcome of conce>ticns* 






Conceptions 


Estrogen levels (% of fie 
<150 yg/24 hr (urine) 
<500 pg/ml (blood) OrCAD) 
150-250 ug/24 hr (urine) 3 
500-1,500 pg/m! (blood) ae 90:90:97) 
>250 ug/24 hr (urine) 159 49 (30.8%) 


>1,500 pg/ml (blood) 





AborBons 
(% of conzeptions, 


hMG and hCG for induction of ovulation 805 






Multiple pregnancies 
(% of live births) 


Live births 
(% of conceptions) | _ 


16 (25.9%) 51 (76.1%) 13 (25.5%) 
16 (28.6%) 40 (71.4%) 13 (32.5%) 
21 (42.8%) 28 (51.2%) 10 (35.7%) 


*Blood levels on day of hCG; urine levels 1 to 2 days before hCG. 


Table IX. Relationship between preovulatory estrogen levels ard ovarian hyperstimulation 





Estrogen levels 
<150 yp/24 hr (urine) 
<500 pg/ml (blood) 


150-250 ug/24 hr (urine) 
500-1,500 pg/ml (blood) 


>250 yg/24 hr (urine) 
> 1,500 pg/ml (blood) 


Total 542 (92.3%) 


239 (98.4%) 
180 (97.3%) 


123 (76.4%) 


cessful pregnancies than the other two groups. 
The multiple-pregnancy rate was somewhat lower in 
the patients with preovulatory estragen levels in the 


physiologic range (25.5% versus 32.5% and 35.7%). Of 


the 13 multiple gestations in this group, 11 were twins, 
one was triplets, and one was quintuplets. In the group 
with moderately elevated preovulatory estrogen levels, 
there were five twins, six tripléets, and two quadrurlets, 
and in the group with markedly elevated preovulatory 
estrogens there were eight twins and two triplets. 

‘In six of the 159 cycles in which excessive Ovarian 
stimulation occurred, hCG was withheld in order not to 
induce ovulation. The incidence of hyperstimulation is 
analyzed in Table IX. In the majority of patients, no 
complications occurred, but in all treatment cycles 37 
patients (6.3%) developed a moderate ovarian hy- 
perstimulation syndrome, defined as ovarian enlarge- 
ment of up to 10 cm. None required treatmen:. In 
eight cycles (1.4% of the treatments) severe hyper- 
stimulation occurred, as defined by ovarian enlarge- 
ment greater than 10 cm and/or ascites and hy- 
drothorax, and the patients were hospitalized for ob- 
servation and treatment. No severe hyperstimulation 
occurred in patients with preovulatory urinary estro- 
gen levels of less than 250 4 g/24 hours or serum estro- 
gen levels of less than 1,500 pg/ml. 

Among the 132 live births, there were two newborn 
infants with congenital anomalies—one with mu:tiple 
congenital anomalies and another with Down’s syn- 
drome. 


Cyeles | 
without complication. 









Crcles with 


: Cycles with 
moderate hyperstimulation 


severe hyperstimulation 


4 (1.6%) 0 
5 (2.7%) 0 
28 (17.9%) 8 (5%) 
37 (6.3%) 8 (1.4%) 
Comment 


It is difficult to compare results of treatrnent with 
hMG-hCG among different investigators because of 
major differences in patient selection and the number 
of Pergonal treatment cycles given to an individual pa- 
tient. Thompson and Hansen* summarized results 
from 100 investigators and found that 20% to 28% of 
patients conceived. Gemzell® reported that 44.3% con- 
ceived, and Spadoni and associates® reported a 35.5% 
conception rate. A total of 58.6% of our patients con- 
ceived. 

There is also a marked difference in conception rates 
between groups of patients. The conception rate in 
Group 1 (63.3%) was higher than in Group 2 (45.4%), a 
findinz consistent with results reported by Oelsner and 
colleagues.” The main difference between Group ] and 
Group 2 is that patients in Group 2 had been pre- 
selected: all of them had experienced failure of 
clemiphene. The combined conception rate in Group 2 
would have been considerably higher if both clo- 
miphene- and Pergonal-treated patients were included. 
Elis!® noted that the higher the basal estrogen levels, 
the less successful the hMG treatment. High basal es- 
trogen levels may be due to intraovarian pathology re- 
su.ting from high local levels of androgens or to the 
presence of many follicles at various stages of matura- 
ticn prior to treatment, some of which will be ex- 
hausted by the treatment while the others will be un- 
derstimulated. 

The highest conception rate (77.1%) occurred in the 
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amenorrhea-galactorrhea group. Thompson and Han- 
sen” also noted better results in this group. The high 
prolactin, level did not seem to increase the abortion 
rate by causing corpus-luteumi defects as might be ex- 
pected. A significant observation was that the length of 
hMG treatment during’ the cycle had a significant. bear - 
ing on the outcome of pregnancy. In patients given 
Pergonal for less than 9 ‘days, the abortion rate was 
higher than in patients treated for a longer pericd of 
time. A possible explanation i is that the follicle was im- 
mature, resulting ` im an abnormal corpus luteum. 
The multiple- -pregnancy rate was significantly lower 
(12.9%) in this group, perhaps because fewer follicles 
matured. 

' The effectiveness of treatment does not diminish 
with repeated treatment cycles and the conception rate 
is about the same in the fifth treatment cycle as in the 
first. Therefore one may advise patients to continue 
therapy untit pregnancy occurs if no other infertility 
problems are detected. i 

The abortion rate in our patients was 27%, ens 18 
comparable to the 30% reported by Gemzell.® The 
abortion rate in spontaneously cccurring pregnancies 
is under debate, making comparisons difficult. The 
reasons for the higher abortion rate reported ih 
Pergonal-treated . patients include the higher muit- 
ple-pregnancy rate and early diagnosis of pregnancy 
leading to recognition of very early abortion, which 
otherwise would have been missed. The data show that 
the abortion rate in Group 2 tended to be higher than 
in the other groups. In the patients with high 
preovulatory estrogen levels the abortion rate was sig- 
nificantly: higher than iri those with lower estrogen 
levels. A possible explanation is the formation of mul- 
tiple corpora lutea that later degenerate, resulting in a 
marked. decrease in the progesterone level in early 
pregnancy. 
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Our multiple pregnancy rate was 31%, almost the 
same as the 32.5% rate cited by. Oelsner and co- 
workers.® There is a debate in the literature about the 
correlation between preovulatory estrogen levels:and 
the multiple-pregnancy rate. Sorne authors''“3 have 
found a relationship and they claim that lower pre- 
ovulatory estrogen levels will reduce the rate of mul- 
tiple gestations; however, the number of patients they 
have presented is small. In a previous publication’ and 
in agreement with others® ' we did not find a correla- 
tion. Our present data show only a slightly lower rate 
of multiple gestation in the group with preovula- 
tory estrogen levels in the physiologic range. Eleven of 
the 13 multiple gestations in this group were twins. 

. Since our first report of hyperstimulation syndrome 

in one of our patients, we have had seven additional 
patients with the syndrome who required hospitaliza- 
tion. The severe hyperstimulation rate was 1.4% of the 
total number of treatment cycles. In a review of the 
literature, Schenker and Weinstein'® quoted the fre- 
quency of severe hyperstimulation as 0.8% to 2%. 
Moderate hyperstimulation occurred in 6.3% of the 
treatment cycles. All of our patients recovered com- 
pletely. In the majority of patients with extensive ovar- 
ian stimulation no complication occurred. Ovarian hy- 
perstimulation can be prevented by withholding hCG 
administration in patients with high preovulatory es- 
trogen levels. f | 

In conclusion, treatment with hMG- hCG for induc- 
tion of ovulation is highly successful, and the complica- 
tion rate is low. The recommended duration cf treat- 
ment is 9 to 10 days per treatment cycle. Treatment can 
be repeated if necessary in patients without other in- 
fertility problems. 
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Three metronidazole-resistant strains of Trichomonas 
vaginalis from the United States 


MIKLOS MULLER, M.D.* | 
JOSEF G. MEINGASSNER, D.V.M. 
WAYNE A. MILLER, M.D. 
WILLIAM J. LEDGER, M.D. 


New York, New York, Vienna, Austria, and Boston, Massachusetts 


Trichomonas vaginalis isolates were obtained in the United States from three women with 
trichomoniasis refractory to routine treatment with metronidazole. Cure was obtained in these cases 
with increased dosage of metronidazole. In experimental mouse infections, all three strains showed 
a significantly (about 10 to 20 times) lower susceptibility to metronidazole than did a number of 
control strains. In vitro, the lowered susceptibility could be detected only in an aerobic assay but not 
in the routine anaerobic assay. The conclusion is that T. vaginalis strains with lowered 
metronidazole susceptibility do exist. Such strains might be responsible for a certain, but as yet 
entirely unknown, number of failures in routine metronidazole therapy of human trichomoniasis. (AM. 


J. OBSTET. ‘GYNECOL. 138: 808, 1980.) 


HuMAN trichomoniasis is treated almost exclusively 
with metronidazole’? and other 5-nitroimidazole de- 
rivatives, such as tinidazole, ornidazole, secnidazole, 
and nimorazole.': * Single courses of treatment have a 
failure rate of about 10%. This relatively low rate, how- 
ever, represents a significant number of patients be- 
cause of the prevalence of Trichomonas vaginalis in- 
fections. Reinfection and failure to take the medication 
are common causes of persistence or recurrence of 
trichomoniasis. Although no reliable data are available 
in a certain number of cases, even several courses of 
appropriate treatment fail to eradicate the infection. 
The total amount of metronidazole taken by such pa- 
tients is often considerable. Several causes for such 
therapeutic failures are usually mentioned: (a) prob- 
lems of a pharmacokinetic nature, i.e., insufficient ab- 
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sorption or transport of the drug to the site of in- 
fection,* 5 (b) the presence of a vaginal microflora that 
contains bacteria which inactivate the drug," and 
(c) resistance of the infecting T. vaginalis to met- 
ronidazole.® 

The last possibility was usually dismissed because 
concentrations of metronidazole that are easily reached 
during normal chemotherapy were sufficient to inhibit 
or kill, in in vitro tests, most trichomonad strains Iso- 
lated from persistent infections. However, recent work 
demonstrated that most in vitro assays are not suttable 
to detect nitroimidazole resistance in T. vaginalis® and 
in other trichomonad species. ® Thus, the lack of doc- 
umented resistant isolates could be explained either by 
their genuine absence in human infections or by the 
unsuitability of the assay used. On the basis of the work 
with cattle trichomonads, a modified, aerobic in vitro 
assay was developed which seemed to overcome this 
difficulty. ® 

An isolate (strain IR-78) obtained in Vienna, Austria, 
from a patient with metronidazole-refractive tricho- 
moniasis!! was tested with this aerobic assay and was 
found to have a significantly lowered in vitre met- 
ronidazole susceptibility.2 The lowered suscepzibility 
was also detected in an in vivo assay in mice. Another 
resistant strain was isolated also in Gothenburg, Swe- 
den.” These findings reopened the question of resis- 
tance to metronidazole as a potential therapeutic prob- 
lem in human trichomoniasis. 

In this report, we wish to draw attention to this ques- 
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Table I. Metronidazole susceptibility of Trichomonas vaginalis iso ates 


In vivo test 


In vitro test 





Isolate Origin mglkg (3 X) umber of mice tested MLC a4¥ (ug/ml) 
Boston Case | 61 103 100 75 5 
Albany Case 2 60 8] 60 60 4 
Fall River Case 3 ‘ 82 150 105 250 2 
IR-78 Vienna’ >800 >>800 Dzta from Reference 7 150 4 
30001 ATCC Not infective to mice : 2 0.5 
NYH209 Random isolates from 4.4 9.0 33 25 l 
NYH272 New York Hospital 3.1 6.2 36 6 ] 
NYH286 = SPI 7.6 8.5 36 10 0.5 

15 109 5 i 


A Vienna’ 8.0 


*Dose needed to cure 50% of the infections. 
+Dose needed to cure 95% of the infections. 
Minimum lethal concentration. 


tion by presenting findings that indicate that similar 
T. vaginalis strains do occur in the United States. Dur- 
ing 1978 and 1979, one of us (M. M.) received three 
inquiries concerning therapeutic failures in tricho- 
moniasis. Isolates were obtained from the three pa- 
tients by their attending physicians. With appropriate 
tests, all three isolates showed significantly lower met- 
ronidazole susceptibility than did control isolates. The 
results are compatible with the belief that treatment 
failures in human trichomoniasis can be due to relative 
drug resistance of the infecting T. vaginalis and are 
not always caused by host factors independent of the 
pathogen. Certain results of this study were presented 
at the Thirty-third Annual Meeting of the Society of 
Protozoologists (Washington, D. C., June, 1980). The 
physiologic and biologic properties of the isolates will 
be described elsewhere. 


Case histories 


Since the aim of the present study was to eval- 
uate metronidazole susceptibility of three T. vaginalis 
strains, the case histories are presented here onlv as 
clinical background. None of the cases discussed re- 
sponded to repeated standard metronidazole treat- 
ment (250 mg oral tablets three times a day for 7 days). 
On the basis of information in Reference 11, the indi- 
vidual physicians who treated these patients designed 
treatment schedules by increasing the amount of met- 
ronidazole administered in combination with other 
drugs. Although these schedules led <o the elimina-ion 
of the pathogen, they were not evaluated in detail, and 
we emphasize that they do not represent schedules rec- 


ommended by us. Such schedules will have to be devel- 


oped in the future. 


Case 1. This 24-year-old, gravida 0, white woman 


was firs: seen with a 10-month history of recurrent vag- 
inal infzctions caused by T. vaginalis. Both she and her 
only male consort had been given seven separate 
courses of metronidazole therapy, without relief of 
symptoms, Since initial examination by one of us 
(W. A. M.) disclosed that she had marked trichomonas 
vagimits, she was again treated with a stancard course 
of met-onidazole. After therapy, microscopic exami- 
nation of a wet mount of vaginal secretion still revealed 
mary <richomonads. Because of epilepsy, this pa- 
tieni was taking phenobarbital and Dilantin. Analysis 
showec levels of phenobarbital well above the thera- 
peutic “ange. On the hope that the excessive levels of 
phenotarbital in the blood had interfered with hepatic 
metabclism of metronidazole, the phenobarbital dos- 
age wa: decreased and she was given a 14-day course of 
oral m=stronidazole in standard dosage with the con- 
comitaat use of Tricofuron vaginal suppositories. Al- 
thougk she was asymptomatic for 2 months, symptoms 
returned again and a wet mount examination showed 
many trichomonads. .Cultures of T. vaginalis were 
obtained from the vaginal secretions at this time for 
testng of metronidazole susceptibility (Table I). The 
patsent was given oral metronidazole in standard dos- 
age supplemented with metronidazole vaginal tablets 
twice a day for 14 days. Unconjugated estrogen vaginal 
creem, three umes a week, was also given during this 
perod Her partner received the same course of oral 
metroridazole. Although there was a symptomatic im- 
provement for 2 months, the patient again became 
symptcmatic, with trichomonads detectable in wet 
mountexamination. For symptomatic relief, a regimen 
of oral tetracycline, 500 mg four times a day, and Be- 
tadine douches, twice a day, was used for 1 month. This 
provided no relief. To achieve higher serum and tissue 
levels cf metronidazole, a treatment course of oral met- 
ronidazole, 2.5 gm three times a day for 3 days, was 
given to the patient and her male sexual partner. This 
resulted in the relief of symptoms, and, for the first 
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time, the wet mount preparation of vaginal secretions 
was free of trichomonads. At the time of preparation of 
this report, more than a year after the last treatment, 
the patient is still free of symptoms. 

Case 2. This 40-year-old, gravida 3 para 3, erie 
woman was evaluated for recurrent T. vaginalis vagini- 
tis. She had been treated three times with met- 
ronidazole and once with a local sulfonamide cream, 
without success. Her past history included a total hys- 
terectomy for menorrhagia, in 1972. T. vaginalis was 
cultured from vaginal secretions, and its metronidazole 
susceptibility was determined (Table I). She was given 
two separate treatment courses of oral tetracycline, 250 
mg four times a day for 3 weeks, and Premarin, 1.25 
mg orally daily for 3 weeks, followed by a standard 
course of metronidazole. Her husband also received 
metronidazole therapy. The wet mount examination of 
vaginal secretions remained positive for trichomonads. 
Subsequently, she was given metronidazole tablets, 250 
mg, to be inserted into the vagina twice a day for 3 
days, but the wet smear of vaginal secretions remained 
‘positive. The final treatment regimen was oral met- 
ronidazole tablets, 500 mg three times a day for 7 days, 
for both her and her husband, plus the vaginal use of 
-Aci-Jel, twice a day. The patient became asymptomatic 
and has remained so up until the time of preparation 
of this report. 

Case 3. This patient was evaluated for a recurrent T. 
vaginalis vaginitis. A sample of the vaginal secretions 
containing many motile trichomonads was cultured, 


and the susceptibility of the isolated organisms was 


tested (Table I). She was treated with oral met- 
ronidazole, 1.0 gm twice a day for 10 days, as well as 
with a conjugated estrogen tablet, 1.25 mg daily for the 
10 days. The patient experienced amelioration of 
symptoms on this treatment, and on follow-up exami- 


nation, no trichomonads were seen in the wet mount | 


and none was grown on culture. 


Microbiologic methods 


Secretion was collected from the vaginal fornix on 
cotton swabs which were subsequently placed in test 
tubes containing 7 or 8 ml of Diamond’s TYM 
medium" (with agar), pH 6.0, and supplemented with 
10% heat-inactivated horse serum and with 250 U/ml 
penicillin G and 250 ug/ml of streptomycin sulfate to 
suppress bacterial growth. The tubes were incubated at 
37° C. In two cases, 50 ug/ml of gentamicin had to be 
used in subsequent transfers to eliminate bacterial con- 
tamination. Bacteria-free cultures were obtained by the 
third to fifth subculture. The isolates were passaged 
every other day for a few months and thereafter every 
day into the same medium without antibiotics. For fu- 
ture reference, the strains were preserved in liquid No. 

T. vaginalis strains of known in vitro susceptibility to 
metronidazole were included in the study. These were 


December 1, 1980 
Am. J. Obstet. Gynecol. 


the laboratory strain ATCC 30001, the resistant IR-78, 
and the susceptible A strains from Vienna,’ as well as 
fresh strains (NYH 209, 272, 286) isclated from pa- 
tients at New York Hospital (New York, New York). 
Metronidazole susceptibility of the isolated organ- 
isms was tested as described earlier.” ° The in vitro 
assays were done in New York (M. M.) and the in vivo 
assays in Vienna (J. G. M.). The in vivo sensitivity of the 
isolates was determined in mice injected with 10° or- 
ganisms into each flank subcutaneously. Although or- 
ganisms were inoculated also intraperitoneally into the 
same mice, infection was not obtained consistently, and 
the results are not presented. Metronidazole was ad- 
ministered in various quantities per os three times 
(2, 18, and 24 hours) after inoculation. The presence or 
absence of trichomonads at the site of injection was 
ascertained by necropsy on the sixth day after infection. 
The doses needed to cure 50% (CD59) or 95% (CDg;) of 
the infections were calculated.’ The in vitro assays were 
performed in plastic MultiWell tissue culture plates 
with 24 wells each (Nc. 3008, Falcon, Oxnard, Califor- 
nia) Into each well was placed 1.4 ml of fluid 
thioglycollate medium, United States Pharmacopeia 
(Baltimore Biological Laboratory, Cockeysville, Mary- 
land) adjusted to pH 6.0 and supplemented with 10% 
heat-inactivated horse serum and antibiotics (penicillin 
G, 400 U/ml, and streptomycin sulfate, 400 ug/ml). 
Aqueous metronidazole solutions in concentrations 
that ranged from 15 ug/ml to 3 mg/ml were added to 
the wells in order to obtain a series of final concentra- 
tions in the range desired. The vclume of met- 
ronidazole solution added to each well was from 10 to 
75 wl. Finally, 50 to 100 wl of a suspension containing 
10° T. vaginalis cells was added to each well. Thus, the 
final volume of liquid in the wells varied by less than . 
10%, for which no compensation was made. The 
plate was covered with its own lid, which permitted 
equilibration with the surrounding. gas phase. In the 
anaerobic assay the plates were placed into an anaero- 
bic jar (GasPak Anaerobic System, Baltimore Biological 
Laboratory, Cockeysville, Maryland), whereas in the 
aerobic assay they were placed free into the incubator. 
After 24 hours of incubation at 37° C, the plates were 
examined with an inverted phase contrast microscope 
for the presence of motile cells. The lowest dilution in 
which no motile cells were seen was taken as the mini- 
mum lethal concentration (MLC). All values reported 
represent the means of at least three separate assays. 


Microbiologic results 


Subcutaneous infections elicited in mice by the Bos- 
ton, Albany, and Fall River strains could be cured with 


metronidazole, but only if it was given at higher doses 
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than necessary to eliminate infections with the control 
strains (Table I). The CD,; of these isolates was in. the 
range of 3x 80 to 3x 150 mg/kg, whereas the values 
for the three control strains from New York were in the 
range of 3x.6 to 3x 9 mg/kg. The latter data compare 
well with CDy; values for the Vienna control strain A 
and with CDs; values of <3 35 mg/kg published for 
70 random isolates from Vienna.'® The CD; values 
were also significantly higher for the three isolates than 
for the controls. On the basis of these data, the Beston, 


Albany, and Fall River strains of T. vaginalis should be 


regarded as relatively resistant to metronidazole in 


mouse infections. However, in no isolate from the | 


United States did the level of resistance reach that seen 
in strain IR-78. ' Sy | 

MLC values observed in the aerobic in vitro test for 
these strains reflected the in vivo differences (Table I): 
The three fresh resistant isolates-and the IR-78 strain 
were eliminated by 60 to >100 ug/ml of metro- 
nidazole. MLC values for the control strains were in the 
range of 6 to 25 ug/ml. Although some strain differ- 
ences were found inthe anaerobic MLC values, they all 
were in the range which is regarded as P ESTEE nor- 
mal susceptibility. 

At the time of the revision of this report ae 
1980), the IR-78 strain had been in culture without 
drug pressure for over 2 years, and the Bosion strain 
for a year and a half. Periodic examtnation of their in 
vivo and in vitro susceptibility did not reveal any 


changes, thus suggesting that the resistance 1s a rather 


stable property. 


x 


Comment 


Metronidazole was introduced about 20 years 
ago as an excellent drug for the treatment or human 
trichomoniasis, and it is frequently prescribed in the 
United States and in other countries.'~ Repeated 
warnings have been published that frequent use of it 
might lead to the development of drug-resistant strains 
of T. vaginalis.’ ® Although several investigators suc- 
ceeded. in developing in laboratory experiments strains 


of T. vaginalis and other trichomonads with markedly , 


decreased susceptibility to this drug,* ° the role of met- 
ronidazole resistance as a cause of treatment failures in 
cases of human trichomoniasis remained an open 
question. 

In retrospect, it seems that one of the most important 
reasons for this situation rested on the available assay 
systems. T. vaginalis strains were often isolated from 
cases in which metronidazole was ineffective, and the 


strains were tested for drug sensitivity in vitro. Al- 


though some differences were observed i in drug sen- 
sitivity, the inhibitory drug concentrations reported 
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_ were usually in the rarge of 0.25 to 16 wg/mi,» >» 6, 8 


levels which are’ easily reached in the blood and tissue 
fu.ds during standard metronidazole therapy." Since 
such results suggested that the organisms should have 
been eliminated by the treatment, other factors were 
invoked to explain the therapeutic failures.*~’ Testing 
of infections obtainec in experimental animals was 
rarely done, although tests in animals could reflect the 
in vivo situation better. : 

In 1978, Thurner and Meingassner"' studied a case 
of treatment failure of recurrent trichomoniasis in 
Austria. The isolate obtained showed tn a mouse assay 


significantly lower susceptibility to: metronidazole, ti- 


nidazole, and ornidazole than random isolates.® Their 
results strongly suggested resistance to the drug as the 
primary cause of the treatment failure. Isolates from 
the cases discussed in the present report showed prop- 
erties similar to those of the Vienna isolate. The results 
de-nonstrate the existence in the United States’ of T. 
vaginalis strains resistant to metronidazole; thus the two 
strains isolated in Europe’ * do not represent unique 
occurrences. | 

Using the modified aerobic assay,® we were able to 
detect metronidazole resistance in vitro in these iso- 
lates. It is noteworthy that, if the assays were per- 
formed under anaerobic conditions, i.e., similarly to 
the routine assays, the strains were more susceptible to 
metronidazole and were killed by drug concentrations 
that are regarded as easily reached in the blood and 
tissues. 

The three isolates showed, in mice, tenfold to twen- 
tyfold lower susceptibility than random isolates. This 
finding suggests that resistance was the primary factor 
in these three treatment failures. The usual treatment 


_ schedule, i.e., 250 mg three times a day for 7 days, 


might not have resulted in sustained levels in the blood 
high enough to eliminate these organisms." That a 
cure was obtained in all cases with increased met- 


' ronidazole dosage supports this conclusion. 


Further studies are needed to clarify the possible 
additional role of other factors and especially to estab- 
lisa the correlation between the resistance determined 
in vitro and the drug dosage necessary to eliminate the 
infection. Since there is concern about the long-term 
saf ety of metronidazoie-treatment,!~ the aim is to use 
the minimum dosage necessary. Recognition of the 
existence of the problem of resistance and the design of 
apprepriate treatment schedules might, however, elim- 
inate the exposure of certain patients to several re- 


peated courses of standard therapy. 


The frequency of occurrence and, thus, the overall 
significance of nitroimidazole resistance in T. vaginalis 
caanct yet be assessed., Although resistance should be 
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considered in case of treatment failures, it is not likely 


to be their most frequent cause. This is suggested by ` 


the consistently high cure rate with metronidazole 
treatment, which has not changed significantly since 
the introduction of the drug. This conclusion is sup- 
ported by the Vienna survey in which no resistance was 
detected among 94 random isolates. Answers to these 
questions will be obtained only through an extensive 
survey of a random population, in which in vitro 
findings on susceptibility will be correlated with clinical 
results, and through a careful study of treatment 
failures. 
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Site of recurrence of cervical cancer after radical 


hysterectomy 


MAURICE J. WEBB, M.D. 
RICHARD E. SYMMONDS, M.D. 


Rochester, Minnesota 


Of 564 patients who underwent radical hysterectomies for cervical cancer, 104 had recurrences. 
Twenty (3.5%) had recurrence in the central pelv’s, and in nine (1.6%), this was the only site of 
recurrence. Of the patients who had lymph node metastases at the time of radical hysterectomy, 
40% subsequently had recurrence compared with 14% who hac negative nodes and recurrence. 
The site of recurrence, however, had no relationship to lymph node involvement, size of the lesion, 
stage of disease, cell type or grade, or previous pelvic irradiation. (A 4. J. OBSTET. GYNECOL, 138:813, 


1980.) 


MOST REPORTS on the treatment of cervical cancer, 
by either radical surgery or irradiation, tend to concen- 
trate on survival and complications of treatment as a 
means of assessing the effectiveness of treatment. A 
factor often overlooked is the site of recurrence. A re- 
currence in the central pelvis, whether after radical 
hysterectomy or pelvic irradiation, and especially if 
there is no spread of disease beyond the treated area, 
must be regarded as a reliable indicator of the effec- 
tiveness of treatment. 


Material 


The series involved 564 patients with cervical cancer 
treated by radical hysterectomy and pelvic lymphade- 
nectomy at the Mayo Clinic from 1956 through 1975. 
Cancer of the cervix accounted for 92.5% of all radical 
hysterectomies performed during this period (Table I). 
Most of the patients had Stage IB (33.9%) and Stage 
IIA (21.3%) lesions (Table II). Of the 564 patients, 141 
had previous irradiation as their primary treatment, 
and radical hysterectomy was being performed as a 
“salvage” procedure for radioresistant or recurrent 
disease. Of the 564 patients, 81.7% had squamous cell 
cancers and 15.1% had adenocarcinomas.! 


From the Division of Gynecologic Surgery, Mayo Clinic 
and Mayo Foundation. 


Received for publication May 2, 1989, 

Accepted July 30, 1980. 

Reprint requests: Dr. Maurice J. Webb, Mayo Clinic, 
Rochester, Minnesota 55901. 


0002-9378/80/2308 13+-05$00.50/0 © 1980 The C. V. Mosby Co. 


Results 


Cf the 564 patients, 104 (18.4%) had recurrent cer- 
vical cencer (Table III). Central pelvic recurrence de- 
velcped in 2C instances (3.5%), but in only nine in- 
stances (1.6%) was the central pelvis the only site of 
recurrence. 

An initial analysis was performed on each of four 
major -udgroups to endeavor to determine if any par- 
ticular characteristic of the tumor predispcsed the pa- 
tient to recurrent disease in each of the four major 
sites: central pelvis, pelvic sidewall, abdominal cavity, 
and other sites (lung, bone, distant nodes, and so forth) 
(Table IV). 

Size of lesion. The size of the cervical tumor was not 
always recorded by the pathologist, but when this in- 
formation was available, tumors were placed into two 
groups according to greatest diameter. Of the 17 pa- 
tients with central recurrences, 11 (65%) had tumors of 
4 cm œ less, but overall the groups were fairly evenly 
distributed, and statistical analysis showed no sig- 
nifican: difference in relation to size of the lesion. 

Stage of disease. Because many of these patients had 
had radiotherapy as their primary treatment at other 
institutions and were referred to our clinic with recur- 
rent dssease, the initial clinical stage was available for 
only 88 of the 104 patients. No significance was attrib- 
uted to initial stage of disease in relation to site of 
recurrence. 

Previous radiation therapy. Of the 104 patients with 
recurrent disease, 36 had had. previous pelvic irradia- 
tior., and because these patients already had recurrent 
central pelvic tumor (that being the reason they un- 
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Table I. Distribution of patients eo ouaae to sites 
of origin of cancér 





Cervix 564 92.5 
Endometrium 27* 4.4 
Vagina Lor 2.4 
Vulva 2 0.3 
Colon ] 0.2 
Breast | 0.2 


*One patient also had squamous cell carcinoma of the 
vulva. 


Table II. Distribution of patients according to stage 
of disease in cancer of the cervix 





Patients 


IA ' 59 10.5 
IB 304 53.9 
HA 120 21.3 
JIB 21 3.7 
HHA - g* 1.6 
IIIB ]*. 0.2 
IV a 0.5 
Unknown 47* 8.3 
Total 564 100.0 


*All had previously received radiotherapy. 


derwent radical hysterectomy), a higher percentage of 
previously irradiated patients in the central recurrence 
group (55%) is expected when compared with the 
overall incidence (35%). However, statistical analysis 
did not reveal any significant relationship between site 
of recurrence and previous radiation therapy. One 
might expect fewer pelvic recurrences (central and 
sidewall) in the previously irradiated group owing to 
the sterilizing effect of the radiation treatments within 
the treated field. This was not so, as 38% of the patients 
with pelvic recurrences had had previous irradiation, 
the explanation being that operation was performed 
because radiotherapy had failed to control the disease. 

Cell type. No significant difference in sites of recur- 
rence could be found when squamous cell carcinoma 
was compared with adenocarcinoma of the cervix, Ad- 
enocarcinomas accounted for 10% of the central pelvic 
recurrences and 15% of all pelvic (central and sidewall) 
diseasé, being similar to the overall incidence of adeno- 
carcinoma in the series (15%). 

Histologic grade. In the whole series of 564 cancers 
of the cervix, 80% had high-grade tumors (Broders 
grades 3 and 4), and there were 85% high-grade 
tumors in the group of 104 recurrences. However, 
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Table III. Distribution of patients according to 
sites of recurrence 


Site | Patients 


Central: 20 
Pelvis 
Plus distant 

- Plus sidewall 

Sidewalt: 4] 
Plus distant 
Alone 

Abdominal: 18 
Cavity 
Cavity and other 

Other: 25 
Lung 
Lung and other 
Nodes 
Vulva and perineum 


Total | . ` 104 


QOO paas 
pt OD O NO O 


[ory 
Or OS 


9 GO Ot © 


there was no significant difference when site of recur- 
rence was compared with grade of tumor. 

Lymph node involvement. No significant differ- 
ences were found between positive nades and site of 
recurrence. However, when the 104 patients with re- 
current disease were compared with the 460 patients 
who did not develop recurrence, 40% of those ‘with 
positive nodes subsequently developed recurrence, 
compared with only 14% (65 patients) of those patients 
with noninvolved nodes. This was a highly significant 
difference (P < 6.0001) (Table V). Interestingly, the 
patients in whom pelvic sidewall recurrence developed 
had the highest incidence of positive nodes at hysterec- 
tomy (41.5%). This may be due to the failure to remove 
all involved lymphatic tissue at operation, thus predis- 
posing the patient to recurrence in this region. 


Reassessment 


Because no relationships were found when recur- 
rences were groupéd into the previously mentioned four 
categories, data were reassessed by dividing the recur- 
rences into three groups: (1) central pelvic disease only, 
(2) regional disease (disease involving the central pelvis 
and sidewall or sidewall alone but not outside the pel- 
vis), and (3) distant disease (disease that may or may not 
involve the pelvis but is outside the pelvis) (Table VI). 

Size of lesion. Large cervical lesions did not predis- 
pose to central recurrence, and the ratios were evenly 
distributed in the “regional” and “distant” categories. 

Stage of disease. No significant differences could be 
found among the various categories. 

Previous radiation therapy. Although most recur- 
rences in the total group were noted in the patients not 
previously irradiated (and this applied also to the “re- 
gional” and “distant” groups), “central” recurrences 
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Table IV. Comparison of factors and sites of recurrence in patients with cervical cancer who had undergone 
radical hysterectomy : 






Lesion. size (cm): 


were evenly distributed. This is also probably influ- 
enced by this highly selected group who had failure of 
radiotherapy yet had a surgically removable, centrally 
recurrent tumor. 

Patients who had not had irradiation before radical 
hysterectomy were also analyzed independently, with 
the use of all of the above criteria. Again, no significant 


Cell type. No significant differences in recurrence 
were noted between cell types. 

Histologic grade. Histologic grade did not influence 
the site of recurrence. 

Lymph node involvement. Only one patient in the 
group with purely central pelvic recurrences (11%) had 
lymph node metastasis at lymphadenectomy, and this 
patient had only one metastatically involved node. A 
higher percentage of patients in the “regional” (35%) 
and “distant” (43%) groups had node metastasis a: op- 
eration, but there was no statistical difference between 
the groups. 

Percentage vaginectomy. The percentage vaginec- 
tomy was assessed and was used as a measure of how 
radical the procedure was. Central recurrences were 
more frequent when more than 25% of the vagina was 





Total 


<4 1] 2 14 8 35 
>4 5 6 15 6 33 
Total 17 8 29 14 68 

Lesion Stage: 
I 6 9 13 1] 39 
HI 8 7 18 ll 44 
Ill 2 0 i i 4 
IV 0 0 ] 0 I 
Total 16 16 33 23 88 

F Previous treatment: 
Radiation li ? 12 6 36 
No radiation 9 l1 29 19 68 
Total 20 18 4] 25 104 
Cell type: 

Squamous 17 17 34 18 86 
Adenocarcinoma 2 l 7 5 15 
Other l 0 Q 2 3 
Total 2!) 18 4] 25 104 

Lesion grade: 
_land2 3 3 7 3 16 
3 12 1] 25 13 61 
4 5 4 9 g 27 
Total i 29 18 41 25 104 

Lymph nodes: 
T Positive 5 T 17 10 39 
Negative 15 1] 24 15 65 
Total i 20 18 4] 25 104 


Table V. Relation of recurrence to nodal 
involvement in patients with cervical cancer who 
had undergone radical hysterectomy 





Recurrence 





Ly:nth nodes 


Fositive 39 58 97 
DA differences were found. Negative 65 402 467 
Total 104 460 564 


excised; however, this difference was not statistically 
significant. 

Survival. Only six (5.7%) of the 104 patients have 
survived their recurrent disease. Although this per- 
certage appears to be very low, only nine of the 104 
had recurrent disease that was confined to the central 
pelvis, and these nine are the only patients who were 
potentially salvageable by pelvic exenteration. How- 
ever, zll nine patients died of disease. Calame,? in re- 
viewing 193 recurrent cervical cancers, noted a survival 
rate o? 4.1%. The steep slopes of the survival curve 
refect the short survival of the patients in each group 
once there was recurrence (Fig. 1). 
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Fig. 1. Survival of patients according to site of recurrence of 
cervical cancer after radical hysterectomy. 


Comment 

Central pelvic recurrences must be the main refer- 
ence point for judging the adequacy of both operation 
and radiotherapy for cervical cancer. Obviously, if the 
cervical tumor cannot be excised with wide margins of 
normal tissue, then local recurrence is likely. Unfortu- 
nately, with cervical cancer, the close approximation of 
the ureters, bladder, and rectum requires compromis- 
ing this surgical principle, and avoiding these struc- 
tures may result in an inadequate radical procedure. A 
central recurrence rate of only 1.6% in this series of 
564 radical hysterectomies shows that the degree of 
radicality of the procedure which we are performing is 
satisfactory. Even when one includes the other 11 pa- 
tients who had central disease as well as disease 
elsewhere (nine within the pelvis and two distant), the 
central recurrence rate is 3.5%. However, recurrence 
that develops simultaneously at other sites along with 
the central lesion probably is a measure of the bio- 
logical behavior of the tumor rather than the adequacy 
of surgical resection. 

Even when irradiation is used as the primary method 
of treatment, central recurrence has been a problem. 
Cullhed® reported a recurrence rate of 5.6% after ir- 
radiation for Stage IB lesions and a rate of 7.7% for 
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Table VI. Comparison of factors and sizes of 
recurrence in patients with cervical cancer who had 
undergone radical hysterectomy 










Lesion size (em): 


<4 6 14 15 35 
>4 3 13 17 33 
Total 9 27 32 68 
Lesion Stage: 
I 3 14 22 39 
II 2 18 24 44 
III I l 2 4 
IV 0 l 0 l 
Total 6 34 48 . 88 
Previous treatment: 
Radiation 5 13 18 36 
No radiation 4 27 37 68 
Total 9 40 55 104 
Cell type: 
Squamous 6 35 45 86 
Other 3 5 - 10 18 
Total 9 40 55 104 
Lesion grade: 
l and 2 2 6 8 16 
3 and 4 7 34 47 88 - 
Total 9 40 55 104 
Positive lymph nodes: 
None 8 26 31 65 
l l 7 15 23 
>9 0 7 9 16 
Total 9 40 55 104 
Portion of vagina excised: 
None to 25% 3 3 8 14 
=26% 5 37 45 87 
Total 8 40 53 101 
Patient status: : 
Alive 0 2 4 6 
Dead 9 38 51 98 
Total 9 40 55 104 


Stage JIA lesions. Johnsson,’ using the Stockholm 
technique, had a local recurrence rate of 6% in Stage 
IB and 14% in Stage IIA at 2 years after treatment. 
Durrance and associates reported a central recurrence 
rate of 1.9% at M. D. Anderson Hospital in 471 pa- 
tients who had Stage I disease treated by radiotherapy 
and a rate of 5.6% in patients with Stage II disease. The 
authors noted an improvement with the advent of 
megavoltage equipment, a fact also reported by Vil- 
laSanta® and Halpin and associates.’ 

In our series, lesion size was relatively unimportant 
with regard to site of recurrence. Graham and 
Graham,’ Piver and Chung,” and Van Nagell and asso- 
ciates'® have shown a relationship between lesion size 
and the incidence of lymph node metastasis and recur- 
rence. The M. D, Anderson group’ also reported prob- 
lems with central recurrences in patients with large, 
“barrel-shaped” lesions who were created radio- 
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therapeutically, and they found that the addition of 
conservative hysterectomy significantly reduced these 
recurrences. However, in our series, twice as many cen- 
tral recurrences were noted in patients who had lesions 
of 4cm or less in diameter compared with patients who 
had lesions greater than 4 cm in diameter. This finding 
is not unreasonable, because although larger lesions 
can make the operation more difficult technically, if the 
primary tumor mass is resected adequately and the ex- 
tent of dissection is not compromised, central recur- 
rences should not be more frequent when the lesions 
are larger. 

The nine patients with “central recurrence alone” 
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are the ones who are of great concern because they are 
most likely to signify technical failure of the treatment 
method. Five of these patients had previous irradiation 
as their primary treatment, and because of fatlure of 
this modality, they underwent operation. Of the four 
nonirradiated patients, none underwent postoperative 
pe.vic irradiation. The initial stage of disease in two 
pazients was unknown, three had Stage IB disease, two 
had Stage IIA disease, one had Stage IIB disease, and 
on2 had Stage IIIA disease. The average time until 
recurrence for these nine patients was 14 months, with 
a range of 4 to 30 months. 
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Scanning electron microscopy of attachment of 


Neisseria gonorrhoeae colony phenotypes to surfaces 


of human genital epithelia 


DEBORAH L. DRAPER 
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San Francisco, California 


Attachment of different gonococcal colony phenotypes to explants of human genital tract epithelium 
was studied by means of scanning electron microscopy and radioisotope-labeled gonococci. Heavily 
piliated organisms attached in greater numbers than nonpiliated organisms. Gonococci from 
transparent colony phenotypes attached in higher numbers than gonococci from opaque phenotypes 
to all tissues studied. Transitional cells from cervical tissues showing a gradual squamocolumnar 
transition demonstrated more gonococci attached per surface area than either endocervical or 
fallopian tube epithelium. Squamous epithelium showed the fewest number of attached gonococci. 
In all tissues, the attachment of the gonococcus was to the tips and surfaces of the microvilli. 
Gonococcal colony phenotypes as well as the length and location of the cervical transition zone 

may influence the progression of cervical gonococcal infection to invasive disease. (AM. J. OBSTET. 


GYNECOL. 138:818, 1980.) 


THE IMPORTANT FIRST STEP in genital infections 
caused by N. gonorrhoeae is attachment of the gonococ- 
cus to the mucosal epithelium. Recent investigations’ 
indicated that N. gonorrhoeae attach or adhere to a va- 
riety of human tissues and epithelial cells in vitro. It 
appears that several factors associated with colony 
phenotype may influence attachment including degree 
of piliation*”? and opacity or transparency of the col- 
ony. Cervical N. gonorrhoeae isolates vary in colony phe- 
notype with menstrual cycle; opaque phenotypes are 
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found at midcycle and transparent phenotypes occur at 
menstruation.® ° Only transparent colony phenotypes 
are cultured from fallopian tube and cul-de-sac speci- 
mens obtained at laparoscopy.'® These observations 
indicate that colony phenotype variation in attachment 


_may be important in the initial N. gonorrhoeae attach- 


ment process and in the pathogenesis of N. gonorrhoeae 
salpingitis. 

The purpose of this paper is to report on variations 
in attachment of gonococcal colony phenotypes to 
human female genital tract epithelia and to show visual 
documentation of the attachment phenomenon. Stud- 
ies with radioisotope-labeled N. gonorrhoeae were done 
to analyze the cervical squamocolumnar junction at- 
tachment phenomenon. 


Material and methods 


Organisms. The laboratory strain of Neisseria gonor- 
rhoeae F62 was used in the attachment studies. The col- 
ony phenotypes were passaged daily and maintained 
on modified GC agar base? supplemented with Iso- 
VitaleX (Baltimore Biological Laboratory, Cockeysville, 
Maryland). Inocula were prepared from 16- to 20- 
hour-old cultures grown in 5% carbon dioxide at 37° C. 
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Fig. 1. Scanning electron micrograph of N. gonorrhoeae colony phenotype P+ +Tr attac hed t tọ surface 
microvilli of an epithelial cell located in the transition zone of the squamocolumnar j junction of the 
human cervix. The N: gonorrhoeae attachment appeared specific for the microvilli. (x 12,000. Bar 


equals 2 pm. ) 


Radiolabeled gonococci were prepared as follows: 
Prior to inoculation, the surface of each 25 ml modified 
GC agar plate was spread with.0.075 ml of *H-adenine 
(0.5 mCi/ml) and allowed to dry: after inoculation the 
culture was incubated 16 to 20 hours in 5% carbon 
dioxide at 37° C. 

The following nomenclature, modified from the 
classification of Kellogg and associates, | was. used to 
describe the colony phenotypes: Kellogg colony type 2 
has been found to be heavily piliated (P++) and to 
manifest opaque (Op) and transparent (Tr) variants. 
Kellogg colony type 3 has been found to be nonpiliated 
(P—) and of the opaque colony type. Kellogg colony 
type 4 has been found to be nonpiliated and transpar- 
ent. Thus, four phenotypes were studied: P++Tr, 
P++Op, P-Tr, and P~Op. 

Tissue explants. Fallopian tubes and cervical tissues 
were obtained from surgical specimens of women who 
underwent elective tubal ligation or complete hysterec- 
tomy performed at San Francisco General Hospital or 
at the University of California. Medical Center. The 
tissues were obtained under the auspices of the Uni- 
versity of California, San Francisco Committee on 
Human Research. The tissue pieces were placed into 
minimal essential medium (MEM) with VON ( Balu- 
more Biological Laboratory, Cockeysville, Maryland) 


and 10% fetal calf serum for transport to the labora- 
tory. The tussues were gently processed to remove 
mucus and excess connective tissue and placed into 
Mecium 199 (Micro biological Associates, Bethesda, 
Maryland) with antibiotics, glutamine, and bicarbonate 
buffer, pH 7.4. The tissues were maintained as explant 
cultares and incubated 3 m 5% carbon dioxide, at 37°C. 
In general, the tissues were used in experiments within 
24 hours of the time -they were removed from the 
patient. : | 
Attachment assays. Before an assay, each tissue was 
rinsed twice in Medium 199 without antibiotics. Ac- 
cumulated mucus was removed by gentle washing with 
Medium 199 and suction, with: a Pasteur pipette. The 
tissues were carefully embedded in 1% Noble agar, 
made with Medium 199, 80 that only the lai sur- 
face was exposed. z 
The inoculum for each phenotype was prepared by: 
suspending the N. gonorrhoeae growth in Medium 199 
to a density of 50 Klett units (2 x 10° colony-forming 
units (CFU)/ per. milliliter), A further dilution of 1:5 


was made and this inoculum (4 x 107 CFU/ml) was = 


used immediately. A 7 ml volume was poured over the. 


tissue e and the assay dish was incubated on a shaker at 


37° C, with 5% carbon dioxide for 30 minutes. After 
incubation, the inoculum was removed by aspiration 












820 Draper et al. | | December 1, 1980 
Am. J. Obstet. Gynecol. 


ZOOM 


ina w 





om 





Fig. 2. Low-magnification scanning electron micrograph of human uterine cervical tissue at the 
squamocolumnar juncuion. The transition between squamous and columnar cells was abrupt. (x 190. 
Bar equals 200 um.) 





Fig. 3. Low-magnification scanning electron micrograph of human cervical tissue with wide 
squamocolumnar junction. The ectocervix is to the left and the endocervix is to the right (hidden by 
mucus and debris). Note transitional cells at center. (x 125, Bar equals 200 um.) 
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Fig. 4. Scanning electron micrograph of N. gonorrhoeae colony phenotype P++T'r attached in large 
numbers to transitional cells located in transition zone of human uterine squamocolumnar juncuon. 


(x 1,750. Bar equals 20 um.) 


and the tissues were rinsed twice with Medium 199 and 
immediately fixed for scanning electron microscopy. 
Seven cervical and seven fallopian tube tissues, each 
from a different patient, were studied. Each N. gonor- 
rhoeae colony phenotype was tested atleast three umes. 

Scanning electron microscopy (SEM). The tissues 
were fixed in 3% glutaraldehyde (Sigma Chemical Co., 
St. Louis, Missouri) buffered with 0.1M sodium cacodyl- 
ate (Sigma Chemical Co.), pH 7.0, for 10 hours at room 
temperature. The specimens were dehydrated in in- 
creasing concentrations of ethanol with 10-minute ex- 


changes, dried in a Bomar critical point dryer, sputter 


coated with gold (Hummer sputter coater), and viewed 
with a Cambridge $150 scanning electron micro- 
scope at an accelerating voltage of 20 kV. 
Radiolabeled attachment assays. Inocula of gono- 
cocci from the *H-labeled colony phenotypes were 
prepared and used as described above. At the conclu- 
sion of the assay, the tissues were rinsed with Mecium 
199 and serial cross sections of pieces of equal epithelial 
surface areas were obtained. These pieces were placed 
into Aquasol scintillation fluid (New England Nuclear, 
Boston, Massachusetts) for H count determination. 





Results 


Explant tissues. Grossly, the cervical explant tissues 
remained intact and appeared viable after 6 to 8 days’ 


incabation. Sections examimed by light microscopy 
showed layered squamous cells (ectocervix) and intact 
mucus-secreting cells interspersed among ciliated cells 
(endocervix). After incubation for 3 to 8 days the cervi- 
cal explants produced a grossly visible amount of 
mucus: some explants were nearly enveloped in mucus 
which, at times, was cifficult to rinse off. Because of the 
large amounts of mucus seen with prolonged incuba- 
tion, the attachment and SEM studies were done within 
18 hours of the time the specimens were taken from 
the patients and mucus was rinsed from the specimens 
prior to use, 

The fallopian tube explant tissues remained viable 
with vigorously beating cilia for more than l4 days. 
The gross and light microscopy appearances were simi- 
lar to those previously reported by Magee and co- 
workers.” 

SEM of cervical explants. The squamous cells of the 
ectocervix distant from the squamocolumnar junc- 
tion had prominent surface microridges (microplicae). 
However, at or near the squamocolumnar junction, the 
cells appeared to have fewer microplicae and more 
promment microvilli, This change in surface charac- 
teristics appeared to be associated with enhanced N. 
gonorrhoeae attachment. The N. gonorrhoeae appeared to 
attach much more frequently to squamous cells near 


the squamocolumnar junction and the attachment ap- oo 
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Fig. 5. Scanning electron micrograph of N. gonorrhoeae colony phenotype P++Tr attached to the 
surface of human endocervical cells. Much of the attachment appears to be associated with microvilli. 
(x 16,000. Bar equals 2 um.) 
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Fig. 6. Scanning electron micrograph of N. gonorrhoeae colony phenotype P+ + Tr attached to surface 
of several nonciliated columnar epithelial cells of human fallopian tube. After 30 minutes’ incuba- 
tion, the N. gonorrhoeae were found attached singly and in pairs. (x 3,700, Bar equals 10 ym.) 
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Fig. 7. Scanning electron micrograph of N. gonorrhoeae auached to microvilli of columnar cells of 
fallopian tube epithelium, The microvilli appear firmly attached to the organism. (x 34,000. Bar 


equals 1 zm.) 


peared to be directly associated with microvilli (Fig. 1). 

A cervical explant tssue squamocolummnar junction is 
depicted in Fig. 2. The breadth of the transition zone 
between squamous and columnar cells was variable 
from specimen to specimen. In some the transition was 
abrupt (about three cells wide), while in others it was 
more gradual (about 20 cells wide). Rounded, transi- 
tional cells were noted at the squamocolummnar junction 
(Pig. 3). Very large numbers of gonococci were found 
attached to the surfaces of the transitional cells (Fig. 4). 


When high magnification was used, the attachment of 


N. gonorrhoeae to the transitional cells was associated 
with the numerous microvilh and surface ridges. 

In the endocervical area, the columnar epithelial cell 
microvilli were longer and more numerous than those 
on the squamous cells or the cells of the squamocolum- 
nar junction. The N. gonorrhoeae were found attached 
singly and in groups on the surface microvilli of the 
columnar cells (Fig. 5). 

SEM of fallopian tube explants. The surface of the 
normal fallopian tube columnar epithelium was cov- 
ered by a layer of nonciliated cells interspersed with 
ciliated cells. The nonciliated cells were thickly covered 
by microvilli, When gonococci were added to the sys- 
tem, the organisms were found attached only to the 
nonciliated cells and the attachment was to the mi- 


1% 


of the N. gonorrhoeae and the microvilli was visualized 
(Fig. 7). Several microvilli were seen to be attached to 
each gonococcus and occasionally the microvilli ap- 
peared to wrap across the surface of the bacteria. 

Attachment of N, gonorrhoeae colony phenotypes. In 
the cervical explant systems, isogenic piliated and 
nonpiliated, opaque and transparent variants of F62 
were tested for their ability to attach. Each of the four 
colony phenotypes tested (P++Tr, P++Op, P-Tr, 
and P~QOp) attached to endocervical tissue; however, 
by SEM, the piliated organisms attached in fourfold to 
tenfold higher numbers than nonpiliated variants. 
Relatively few of the N. gonorrhoeae were seen attached 
to squamous cells of the ectocervix. Organisms were 
predominantly seen on squamous cells very near the 
squamocolumnar junction. 


The results of four attachment assays of *H-labeled — 


piiated, isogenic transparent and opaque colony var- 
iants to cervical tissue are presented in Fig. 8 Or- | 
ganisms from both P++Op and P++Tr colonies of — 
F62 attached in relatively low numbers (1.0% inoculum 
bound) to the squamous epithelial cells of the ectocer- 
vix (0.5 cm from the squamocolumnar junction). The 
numbers of attached gonococci from P+ Op colonies 
did not increase at or near the squamocoiummnar junc- 
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Fig. 8. The attachment of intrinsically radiolabeled N. gonorrhoeae from piliated transparent 


(P++ Tr) and piliated opaque (P++Op) colony phenotypes te human cervical tissue. The level of 


pilated opaque phenotypes. 
















o P++Tr variants was noted at the squamocolumnar 
© junction and in the endocervical areas. Confirmatory, 
n but less quantitative, results were noted with SEM vi- 
sualization., Na 

In the fallopian tube explant system, SEM analysis 
— indicated that the N. gonorrhoeae from P++Tr colonies 
© were attached to the epithelium tenfold to 100-fold 
~~ more frequently than the P++Op phenotypes. 
In the experiments with cervical explants, the pres- 
: ence of mucus sometimes obscured the epithelial sur- 
faces and made scanning visualization difficult. How- 
ever, N: gonorrhoeae from each of the four colony 
phenotypes were frequently found adherent to or en- 
tangled in mucus strands. (Fig. 9). The nonpiliated 
(P=Op and P—Tr) colony phenotypes were most fre- 
quently associated with the cervical mucus. 


In women, the cervix is the primary site of most N. 


gonorrhoeae mucosal infections, and approximately 15% 
of untreated cervical infections progress to involve- 


tion. However, a marked increase in the attachment of 


attachment of both phenotypes to ectocervical epithelium was less than 1%. Piliated transparent 
phenotypes attached to junctional and endocervical epithelium in substantially higher numbers than 


ment of the fallopian tubes. The first event in any 
mucosal infection is the attachment of the pathogen to 
mucosa. The pathogenesis of a mucosal infection is de- 
pendent upon beth host and organism factors which 
promote this attachment. In this study, we examined 
the attachment cf gonococcal colony phenotypes to 
human uterine cervix and fallopian tube mucosa in 
order to better understand the pathogenesis of this 
human infection, 

By both SEM and radiolabeled N. gonorrhoeae at- 
tachment assay, very few gonococci from any of the 
four colony phenotypes tested were found to attach to 
squamous cells of the ectocervix. These data are in con- 
trast to the observations of Evans." In a transmission 
electron microscopy study done of cervical biopsy tis- 
sues of patients with gonorrhea, he found that the pre- 
dominant attachment of the organism was to the squa- 
mous epithelial cells of the ectocervix, rather than to 
cells of the transition zone or to columnar cells of the 
endocervix. Our data indicate that N. gonorrhoeae do 
not attach efficiently to squamous epithelial cells but do 
attach in large numbers to cells of the transition zone 
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Fig. 9. Scanning electron micrograph of N. gonorrhoeae colony phenotype P~Tr entangled in cervical 
mucus strands. Clumps of N. gonorrhoeae appeared to be resting on or possibly adherent to the 
cervical basement membrane. (*5,750. Bar equals 4 uma.) 


and the columnar epithelial cells. Our conclusion is 
consistent with light microscopy observations published 
in the 1890s" © and reviewed by Harkness in 1948." 

Piliated gonococci, by SEM, were more frequently 
attached to ectocervical cells than  nonpilated 
gonococcl, The ectocervical cells showed numerous mi- 
croplicae which occasionally contained short, stubby 
microvillus-like projections. The few gonococc: which 
attached to squamous cells were attached at microplical 
ridges frequently in association with villus-like pro- 


jecuions. 


Microplicae have not been previously known to play 


a role in cellular attachment of gonococel. The role of 


microplicae in surface function of squamous epithelial 
cells is not clear. It has been suggested that microplicae 
differ from microvilli and are the remnants of inter- 
digitating and adhesive cell processes of the epithelial 
cells formed at deeper layers. Microplicae are covered 
by a polyamine glycocalyx and have, subjacent to the 
plasmalemma, a disorderly array of fine electron-dense 
fibers. Microplicae thus differ from microvilli in func- 


tion and architecture. Variation in attachment of 


gonococci to squamous cells may be partially a function 
of these differences. 

Variation m the width of the squamocolumnar junc- 
tion had a striking influence on attachment of N. gonor- 


rhoeae. When the transition zone was gradual, there was 
a larger number of organisms attached in this area as 
compared to abrupt transition zones. By SEM, the 
transitional cells showed rudimentary microplicae and 
scattered microvilli. The number of attached gonococci 
to transitional cells was much higher than the number 
seen on the surfaces of both endocervical and ectocer- 
vical cells where the microvilli and microplicae, respec- 
tively, are more fully developed. Membrane properties 
of transitional cells may be particularly important for 
attachment Gf gonococci to this area. 

in the uterine cervix, there is a normal anatomic 
variation in the length of the transitional zone. t” Simi- 
larly, the presence and amount of columnar epithelium 
extending onto the ectocervical surface show anatomic 
variation. ® Jt may be that the more gradual transition 
zone and the presence and amount of ectocervical co- 
lumnar epithelium influence host susceptibility to 
gonorrhea by providing increased sites for bacterial at- 
tachment. 

N. gonorrhoeae appeared to attach very effectively to 
endocervical epithelium and to fallopian tube epithe- 
hum. The N. gonorrhoeae attached to ps and surfaces 
of microvilli of the columnar cells of the endocervical 
and fallopian tube mucosa. The organism was often 
seen wrapped in projections of microvilli. Previous 
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transmission electron microscopy studies of fallopian 
tube explants have demonstrated gonococci held in 
cuplike projections of microvilli.” 

Although organisms from both opaque and trans- 
parent colony phenotypes were attached, piliated N. 
gonorrhoeae attached in higher numbers than gonococci 


pili in attachment and virulence of N. gonorrhoeae has 
been extensively studied and pili are considered to be 
one of the prime factors in attachment.>~? 

Gonococci from transparent colonies attached in 
higher numbers than gonococci from isogenic opaque 
colonies of comparable piliation. The greater attach- 
‘ment of organisms of transparent colony phenotypes to 
the cervical and follopian tube tissues is a potentially 
important observation in understanding the pathogen- 
esis of N. gonorrhoeae infections, It appears that the 
gonococcl from transparent colonies may have a fac- 
tor(s) other than pili which are important in attachment 
and tissue tropism. Only the transparent colony phe- 
notypes have been found in fallopian tube and cul-de- 
sac specimens obtained at laparoscopy from women 
with salpingitis. This suggests that the transparent 
phenotype may be more important in the invasive pro- 
cess of salpingitis. ® Although transparent phenotypes 
are associated with invasive disease, opaque colony 
_ phenotypes are the predominant variants found in ure- 
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thral exudates of infected men and are presumed to be 
the phenotypes routinely transmitted to women.* 9 N. 
gonorrhoeae: shift colony phenotype in vitro and pre- 
sumably can also express different phenotype charac- 
teristics in vivo.® Thus, a woman inoculated with one 
predominant phenotype may yield a different phe- 
notype on subsequent culture. Additionally, it is possi- 
ble that there is cyclic variation in membrane proper- 
ties of cervical epithelium which determine attachment 
affinities for different gonococcal colony phenotypes. 

In summary, attachment of gonococci to the mucosa 
of human cervical explant tissue varies with the epithe- 
lial cell type examined. The gonococci attached in scant 
numbers to the microplicae of squamous epithelium 
but attached in higher numbers to transitional cells of 
the cervix, where they are associated with both mi- 
crophicae and microvilli. High numbers of gonococci 
attached to the microvilli of both columnar endo- 
cervical epithelial cells and fallopian tube epithelial 
cells. N. gonorrhoeae from transparent colonies attached 
in greater numbers than isogenic Opaque variants to 
both cervical and falloptan tube epithelium. 
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A NON-NARCOTIC, 
SINGLE-ENTITY 
ORAL ANALGESIC* 


New Anaprox” (naproxen 
sodium) is an effective, mid- 
range analgesic that has 
been proven to be useful in 
the treatment of primary dys- 
menorrhea. Anaprox repre- 
sents a new therapeutic 
alternative for obstetricians/ 
gynecologists who frequently 
encounter primary dys- 
menorrhea in practice. 





FULL 
THERAPEUTIC 
EFFECT IN ONE 
HOUR 


With Anaprox, full een 
tic effect is reached within 
one hour. Peak plasma levels 
are attained in 1-2 hours. 
Anaprox also offers a longer 
half-life than other non- 
hormonal agents indicated 








for dysmenorrhea. This helps | 


sustain relief of painful dys- 





menorrhea from dose to dose, 
whether administered t.i.d. 
or q.i.d. 


PROVIDES FAST, 
LONG-LASTING 
RELIEF OF PAIN 
AND UTERINE 
‘ CRAMPING 


Rapid absorption and fast 
onset of action help assure 








rapid relief of the distressing 
symptoms of dysmenorrhea 
—pain and uterine cramping. 
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AN EFFECTIVE 
INHIBITOR OF 
PROSTAGLANDIN 
SYNTHETASE 
AND UTERINE 
CONTRACTILITY 


Anaprox, a member of the 
arylacetic acid class of drugs, 
is an effective inhibitor of 
prostaglandin synthetase. In 
patients studied, it has been 
shown that Anaprox sig- 
nificantly reduces the level of 
prostaglandins in the uterus, 
which is accompanied by sig- 
nificant reduction in uterine 
contractions. Reduced con- 





tractility results in decreased 
painful cramping of dys- 
menorrhea. 


WELL TOLERATED 
BY MOST PATIENTS 





Anaprox was well tolerated 
in most patients studied. In 
fact, studies showed a lower 
incidence of GI and CNS side 
effects when it was compared 
with aspirin. With Anaprox, 
the most common adverse 
reactions were mild Gl and 
CNS side effects, which 
occurred in approximately 
10% and 11%, respectively. 
Use with caution in patients 
with impaired renal function. 
Because of adverse eye 
changes with NSAIs, periodic 
ophthalmic studies should be 
carried out. Peripheral edema 
has been observed in some 
patients. Because of its anti- 
pyretic properties, Anaprox 
may mask the signs and 
symptoms of infection. 
Before prescribing, please 
see warnings, precautions, 
and adverse reactions sec- 
tions of full Prescribing 
Information. 

Before initiating Anaprox 
therapy, it should be deter- 





“Anaprox is a nonsteroidal 
anti-inflammatory agent, 
which has been developed as 
an analgesic and possesses 
antipyretic properties. 
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Anaprox should not be used 
concomitantly with the | 
related drug Naprosyn® | 
(naproxen), since both cir- | 
culate in plasma as the 
naproxen anion and have 


the same side effects. 
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of extensive clinical investi- 
gation in dysmenorrhea, 
having been studied in 212 
patients over 496 menstrual 
cycles. 
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RELIEF OF 
MENSTRUAL PAIN 





In eleven double-blind paral- | 
lel or cross-over studies, and | 


one single-blind study, in- 
volving 212 patients over 496 
treatment courses, patients 
in 63% of the treatment 
courses derived “substantial 
to complete relief” and 11% 
experienced “mild to substan- 
tial relief” with Anaprox. 
Researchers concluded that 
“...a Significant and benefi- 
cial effect of Anaprox on men- 
strual pain can be expected 

in about 75% of the treatment 
courses: 
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BY REDUCED NEED 
FOR ADDITIONAL 


ANALGESIA 


The eleven double-blind com- 
parison studies with placebo 
were conducted over 808 
treatment courses. In 418 
| Anaprox treatment courses, 
only 16% required additional 
| pain medication. In 390 
placebo treatment courses, 
Anaprox has been the subject | however, additional analgesia 
was required in 56% of the 
_ treatment courses. 
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additional analgesia. 


ANAPROX 
Total treatment 
courses 


418 


PLACEBO 
Total treatment 
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EFFICACY 
DEMONSTRATED BY 
LESS DAILY ACTIVITY 
INTERFERENCE 


Continuation of patients 
usual daily activities during 
painful menstruation was 
evaluated in a double-blind 
study involving 64 patients 
given Anaprox or placebo. 
Scores were totaled over 
three treatment courses. The 
study showed conclusively 
that those patients treated 
with Anaprox experienced 
substantially less inter- 
ference with usual daily 
activities than those treated 
with placebo. 
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Anaprox efficacy in dys- | 
menorrhea has been further 
documented by measured | 
decrease in uterine pressure. 
Measurement was conducted 
using a microballoon-tipped 
catheter introduced trans- 
cervically into the uterine 
cavity and connected to 

a recording system. Patients 
treated with Anaprox showed 
a Significant decrease in 
resting pressure, amplitude, 
and frequency of uterine 
contractions. 
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Description: ANAPROX filmcoated tablets for oral admin- 
istration each contain 275 mg of naproxen sodium, which is 
equivalent to 250 mg naproxen with 25 mg {about 1 mEq) 
sodium. It is related to the arylacetic acid class of drugs. 
ANAPROX is a non-narcotic analgesic agent with anti- 
inflammatory and antipyretic actions. These properties 
have been demonstrated in classical animal test systems. 

The chemical name of naproxen sodium is Ch sediakh 
2-{6-methoxy-2- naphthyl) propionate. 

Naproxen sodium is a white to creamy white, crystalline 
solid, freely soluble in water, 

Clinical Pharmacology: Naproxen sodium is rapidly and 
completely absorbed from the gastrointestinal tract. After 
administration of naproxen sodium, peak plasma levels of 
Naproxen anion are attained at 1-2 hours. The mean biolog- 
ical half-life of the anion in humans is approximately 1 
hours, and at therapeutic levels it is greater than 99% al- 
bumin bound. Approximately 95% of the dose is excreted 
in the urine, primarily as naproxen, 6-0-desmethyl na- 
roxen or their conjugates. The rate of excretion has been 
ound to coincide closely with the rate of drug disappear- 
ance from the plasma. The drug does not induce metaboliz- 
ing enzymes. Naproxen anion inhibits prostaglandin syn- 
thesis but beyond this its mode of action is unknown. 

The drug was studied in patients with mild to moderate 
pain, and pain relief was obtained within 1 hour. It is not a 
narcotic and is not a CNS-acting drug. Controlled 
double-blind studies have demonstrated the analgesic 
properties of the drug in, for example, post-operative, 
post-partum, orthopedic and uterine contraction pain and 
dysmenorrhea. In dysmenorrheic patients, the drug re- 
duces the level of prostaglandins in the uterus, leading toa 
reduction in the frequency and severity of uterine contrac- 
tions. Analgesic action has been shown by such measures 
as reduction of pain intensity scores, increase in pain relief 
scores, decrease in numbers of patients requiring addi- 
tional analgesic medication, and delay in time for required 
remedication, The analgesic effect has been found to last 
for up to 7 hours. 

The drug was studied in patients with rheumatoid 
arthritis and osteoarthritis. It is not a corticosteroid. 
Improvement in patients treated for rheumatoid arthritis 
has been demonstrated by a reduction in joint swelling, 
a reduction in pain, a reduction in duration of mornin 
stiffness, a reduction in disease activity as assessed by bot 
the investigator and patient, and by increased mobility as 
demonstrated by a reduction in walking time. 

In patients with osteoarthritis, the therapeutic action of 
the drug has been shown by a reduction in joint pain or 
tenderness, an increase in range of motion in knee joints, 
increased mobility as demonstrated by a reduction in walk- 
ing time, and improvement in capacity to perform activities 
of daily living impaired by the disease. 

In clinical ade in patients with rheumatoid arthritis 
and osteoarthritis, the drug has been shown to be compa- 
rable to aspirin in controlling the aforementioned meas- 
ures of disease activity, but the frequency and severity of 
the milder gastrointestinal adverse effects (nausea, dys- 

epsia, heartburn) and nervous system adverse effects 

tinnitus, dizziness, light-headedness) were less than in 
the aspirin-treated patients. It is not known whether the 
drug causes less peptic ulceration than aspirin. 

The drag may be used safely in combination with gold 
salts and/or corticosteroids; however, in controlled clinical 
trials, when added to the regimen of patients receiving cor- 
ticosteroids it did not appear to cause greater improvement 
over that seen with corticosteroids alone. Whether the 
drug could be used in conjunction with partially effective 
doses of corticosteroid for a woe effect has 
not been adequately studied. When added to the regimen 
of patients receiving gold salts, the drug did result in 

reater improvement. Its use in combination with salicy- 
ates is not recommended because data are inadequate to 
demonstrate that the drug produces greater improvement 
over that achieved with aspirin alone. Further, there is 
some evidence that aspirin increases the rate of excretion 
of the drug. 


® 


Generally, improvement due to the drug has not been 
found to be dependent on age, sex, severity or duration of 
disease. 

In “Cr blood loss and gastroscopy studies with normal 
volunteers, daily administration of 1100 mg of ANAPROX 
(naproxen sodium) has been demonstrated to cause statis- 
tically significantly less gastric bleeding and erosion than 
3250 mg of aspirin. 

Indications and Usage: ANAPROX® (naproxen sodium) 
is indicated in the relief of mild to moderate pain and for 
the treatment of primary dysmenorrhea. 

It is also indicated for the treatment of the signs and 
symptoms of rheumatoid arthritis and osteoarthritis. 

The safety and effectiveness of the drug in children have 
not been established. 

Contraindications: Naproxen sodium is contraindicated in 
patients who have shown hypersensitivity to it. Because 
the potential exists for cross-sensitivity reactions, it should 
not be given to patients in whom aspirin or other non- 
steroidal, anti-inflammatory drugs induce the syndrome of 
asthma. rhinitis, or urticaria. 

Warnings: Gastrointestinal bleeding, sometimes severe, 
and occasionally fatal, has been reported in patients receiv- 
ing the drug. Among 960 patients treated for rheumatoid 
arthritis or osteoarthritis during the course of clinical trials 
in the United States (260 treated for more than two years), 
15 cases of peptic ulceration were reported. More than half 
were on concomitant corticosteroid and/or salicylate 
ee and about a third had a prior history of peptic 
ulcer. Gastrointestinal bleeding, including nine potentially 
serious Cases, was also reported in this population. These 
were not ah preceded by premonitory gastrointestinal 
symptoms. Aithough most of the patients with serious 
bleeding were ee concomitant therapy and had a 
history of peptic ulcer disease, it should be kept in mind 
that the drug also has the potential for causing gastrointes- 
tinal bleeding on its own. Therefore, it should f adminis- 
tered to patients with active gastric and duodenal ukers 
enly under close supervision. 

Precautions: General: ANAPROX® (NAPROXEN SODI- 
UM) SHOULD NOT BE USED CONCOMITANTLY WITH 
THE RELATED DRUG NAPROSYN” (NAPROXEN) SINCE 
THEY BOTH CIRCULATE IN PLASMA AS THE NA- 
PROXEN ANION. 

Because of adverse eye findings in animal studies with 
drugs of this class, it is recommended that ophthalmic 
studies be carried out within a reasonable period of time 
after starting therapy and at periodic intervals thereafter if 
the drug is to be used for an extended period of time. 

in chronic studies in laboratory animals, the drug has 
caused nephritis. Glomerular nephritis, interstitial neph- 
ritis and nephrotic syndrome have been reported. Since 
the drug is eliminated to a large extent from the body by 
urinary excretion via glemerular filtration, this dru 
should be used with great caution in patients with signifi- 
cantly impaired renal function and the monitoring of 
serum creatinine and/or creatinine clearance is advised in 
these patients. In clinical trials a few patients developed 
mild elevations in BUN accompanied by no other signs and 
symptoms. 

if steroid dosage is reduced or eliminated durin 
therapy, the steroid dosage should be reduced slowly ind 
the patients must be observed closely for any evidence of 
adverse effects, including adrenal insufficiency and 
exacerbation of symptoms of arthritis. 

Patients with initial hemoglobin values of 10 grams or 
less who are to receive long-term therapy should have 
hemoglobin values determined frequently. 

Peripheral edema has been observed in some patients. 

Since each a eee sodium tablet contains approximately 
25 mg (about 1 mEq) of sodium, this should be considered 
in deal whose overall intake of sodium must be mark- 
edly restricted. It is possible that patients with question- 
able or compromised cardiac function may be at a greater 
risk when taking the drug. 
Information for Patients: Caution should be exercised by 
patients whose activities require alertness if they experience 
drowsiness, dizziness, vertigo or depression during 
therapy with the drug. 


Drug Interactions: In vitre studies have shown that na- 
proxen anion, because of its affinity for protein, may dis- 
place from their binding sites other drugs which are also 
albumin-bound. Theoretically, the naproxen anion itself 
could likewise be displaced. Short-term controlled studies 
tailed to show that taking the drug significantly affects 
prothrombin times when administered to individuals 
on coumarin-type anticoagulants. Caution is advised 
nonetheless, since interactions have been seen with other 
nonsteroidal agents of this class. Similarly, patients receiv- 
ing the drug and a hydantoin, sulfonamide or sulfonylurea 
should be observed for signs of toxicity to these drugs. 

Probenecid given concurrently increases naproxen anion 
plasma levels and extends its plasma half-life significantly. 
Drug/Laboratory Test Interactions: The drug may de- 
crease platelet aggregation and prolong bleeding time. This 
effect should be kept in mind when bleeding times are 
determined. 

The administration of the drug may result in increased 
urinary values for 17-ketogenic steroids because of an in- 
teraction between the drug and/or its metabolites with 
m-dinitro-benzene used in this assay. Although 17- 
hydroxy- corticosteroid measurements (Porter-Silber test) 
de not appear to be artifactually altered, it is suggested 
that therapy with the drug be temporarily discontinued 
72 hours before adrenal function tests are performed. 

The drug may interfere with some urinary assays of 
5- hydroxy indoleacetic acid (SHIAA). 

Carcinogenesis: A two-year study was performed in rats to 
evaluate the carcinogenic potential of the drug, No evi- 
dence of carcinogenicity was found. 

Pregnancy: Teratogenic Effects: Pregnancy Category B. 
Reproduction studies have been performed in rats, rabbits 


and mice at doses up to six times the human dose and 
have revealed no evidence of impaired fertility or harm to 
the fetus due to the drug. There are, however, no adequate 
and well-controlled Hude in pregnant women. Because 
animal reproduction studies are not always predictive of 
human response, the drug should not be used during 
propaan unless clearly needed. 

Non-teratogenic Effects: In rats, pregnancy was pro- 
longed when the drug was given before the onset of labor; 
where it was given after the delivery process had begun, 
labor was protracted. 

Nursing Mothers: Caution should be exercised if the drug 
is administered to a nursing woman since the naproxen 
anion has been found in the milk of lactating women at a 
concentration of approximately 1% of that found in the 
plasma. 

Pediatric Use: Pediatric indications and dosage have not 
been established. 

Adverse Reactions: Adverse reactions reported in con- 
trolled clinical trials in 960 patients treated for rheumatoid 
arthritis or osteoarthritis are listed below. In general, these 
reactions were reported 2 to 10 times more frequently than 
they were in studies in the 962 patients treated for mild to 
moderate pain or for dysmenorrhea. 

Incidence Greater Than 1%: Gastrointestinal: The most 
frequent complaints reported related to the gastrointestinal 
tract. They were: constipation,* heartburn,® abdominal 
pain,” nausea,* dyspepsia, diarrhea, stomatitis. 

Central Nervous System: Headache," dizziness,” drowsi- 
ness,” lightheadedness, vertigo. 

Dermatologic: Itching (pruritis),” skin eruptions," ecchy- 
moses," sweating, purpura. 

Special Senses: Tinnitus,” hearing disturbances, visual dis- 
turbances. 

Cardiovascular: Edema,” dyspnea,” palpitations. 

General: Thirst. 


“Incidence of reported reaction between 3% and 9%. Those 
reactions occurring in less than 3% of the patients are 
unmarked. 


Incidence Less than 1%: Probable Causal Relationship: The 
following adverse reactions were reported less frequently 
than 1% during controlled clinical trials and through vol- 
untary reports since marketing. The probability of a causal 
relationship exists between the drug and these adverse 
reactions: congestive heart failure, renal disease, glomeru- 
lar nephritis, interstitial nephritis, nephrotic syndrome, 
abnormal liver function tests, hematuria, jaundice, throm- 
bocytopemia, leukopenia, granulocytopenia, gastroin- 
testinal bleeding, peptic ulceration with bleeding and/or 
perforation, hematemesis, melena, vomiting, eosino- 
philia, pyrexia (chills and fever), skin rashes, menstrual dis- 
orders, myalgia and muscle weakness, alopecia, inability 
to concentrate, depression, malaise, dream abnormalities. 
Causal Relationship Unknown: Other reactions have been 
reported in circumstances in which a causal relation- 
ship could not be established. However, in these rarely re- 
ported events, the possibility cannot be excluded. Therefore 
these observations are being listed to serve as alerting 
information to the physicians: angioneurotic edema, ag- 
ranulocytosis, aplastic anemia, hemolytic anemia, hypo- 
glycemia, hyperglycemia, urticaria. 

Overdosage: A Ao overdosage may be characterized 
by drowsiness, heartburn, indigestion, nausea or vomiting. 
Because naproxen sodium may be rapidly absorbed, hig 
and early blood levels should be anticipated, No evidence 
of toxicity or late sequelae have been reported 5 to 15 
months after ingestion for three to seven days of doses 
equivalent to up to 3,300 mg of naproxen sodium. One pa- 
tient ingested a single dose aen to 27.5 g of naproxen 
sodium and experienced mild nausea and indigestion. It is 
not known what dose of the drug would be life threaten- 
ing. The oral LD, of the drug is 543 mg/kg in rats, 1234 
mg/kg in mice, 4110 mg/kg in hamsters and greater than 
1000 mg/kg in dogs. 

Should a patient ingest a large number of tablets, acci- 
dentally or purposetully, the stomach may be emptied and 
usual supportive measures employed. Animal studies 
suggest that the prompt administration of 5 grams of acti- 
vated charcoal would tend to reduce markedly the absorp- 
tron of the drug. It is not known if the drug is dialyzable. 
dae S and Administration: For Mild to Moderate Pain 
and Dysmenorrhea: The recommended starting dose is 
two 275 mg tablets, followed by one 275 mg tablet every 6 
to 8 hours, as required, The total daily dose should not ex- 
ceed 5 tablets (1,375 mg) 

For Rheumatoid Arthritis and Osteoarthritis: The recom- 
mended starting dose in adults is one 275 mg tablet twice 
daily (morning and evening) or one 275 mg tablet in the 
morning and two 275 mg tablets in the evening. During 
long-term administration, the dose may be adjusted up or 
down depending on the clinical response of the patient. A 
lower daily dose may suffice for long-term administration. 
Daily doses higher than 1100 mg in these indications have 
not been studied. The morning and evening doses do not 
have to be equal in size and the administration of the drug 
more frequently than twice daily is not necessary. 
Symptomatic improvement in arthritis usually begins 
within two weeks. However, if improvement is not seen 
within this period, a trial for an additional two weeks 
should be considered. 

How Supplied: ANAPROX® (naproxen sodium) is available 
in filmcoated tablets of 275 mg (light blue), in bottles of 
100 tablets (NDC 18393-274-42}) and 500 tablets (NDC 
18393-274-62). Store at room temperature in well-closed 
containers. 
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Endometrial adenocarcinoma arising in adenomyosis 
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Endometrial adenocarcinoma and adenomyosis are both common problems arising in the uterus. 
Interestingly, there are few reports of the combination of these two pathologic entities. A recent 
experience with eight cases found in the files of the Gynecologic Pathology Laboratory at The Johns 
Hopkins Hospital between the years 1955 and 1974 are reported. Of significance is the differential 
in prognosis between such cases with deep involvement and true invasive disease. (AM. J. OBSTET. 


GYNECOL. 138:827, 1980.) 


THE CLASSIC prognostic factors employed in the 
evaluation of endometrial adenocarcinoma have been: 
(1) the length of the uterine cavity, (2) differentiation 
of the tumor, and (3) the depth of myometrial invasion. 
Some investigators feel that the latter is the most sig- 
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nificant since penetration through more than 30% of 
the myometrium has been associated with an increased 
incidence of lymph node metastases and thereby re- 
duced survival rates regardless of the histopathology or 
size of the uterus. 

Many have appreciated the frequent finding of 
adenomyosis in routine histopathologic study of any 
uterus regardless of the indication for the hysterec- 
tomy, with incidences varying from 30% to 50%, de- 
pending on the number and distribution of the sec- 
tions.’ * There are also numerous studies identifying 
the significance of pathologic changes in extrauterine 





Fig. 1. Typical and atypical hyperplasia in focus of adenomyosis. (x 90.) 
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Table I. Data on eight cases of endometrial adenocarcinoma originating in adenomyosis 
















Myometrnal 
INVASION 


Fears 
PM 


Histopathology 
grade 







Parity 


i 38 WwW Q 0 IA l Superficial 

2 54 B 9-0-0-9 0 LA i Superficial 
3 66 B 0-0-6-0 27 PMB IA 2 Superficial 
4 50 W 2-1-0-3 0 MM LA l Superficial 
5 80 W 2-0-0-1 29 PMB IB 2 Superficial 
6 62 Ww 0) 2 m — l Superficial 
i= 55 — — ~ — — l Superficial 
OF a- — — — — — l None 





PM, Postmenopausal; IMB, intermenstrual bleeding: PMB, postmenopausal bleeding; MM, menometrorrhagia; TAH-BSO, 
total abdominal hysterectomy and bilateral salpingo-oophorectomy; Irrad., irradiation; NED, no evidence of disease. 
*Referred case. 





Fig. 2. Atypical hyperplasia in adenomyosis—note transition at arrow. (*75.) 


endometriosis.” In contrast there are few reports endometrial adenocarcinoma is of major importance, 
which examine the frequency and importance of such the differential survival between the patients with 
alterations in adenomyosis. Furthermore, since most myometrial invasion and those with malignancy arising 
pathologists recognize that intrauterine histopathologic in adenomyosis may be prognosucally significant. 

changes, for example, hyperplasia, may be replicated In an effort to establish the possible difference in 
in adenomyotic foci, and since depth of invasion by prognosis between the latter, cases of primary endome- 
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Depth of 
adenocarcinoma 
in adenomyosis (%) 





Therapy Follow-up 





25 TAH-BSO NED, 5 yrs 
25 TAH-BSO 
Irrad. NED, 5 yrs 
>50 TAH-BSO 
Irrad. NED, 8 yrs 
25 TAH-BSO NED, 6, yrs 
25 TAH-BSO 
Irrad. NED, 6 yrs 
100 TAH-BSO NED, 9 vrs 
100 TAH-BSO NED, LO yrs 
75 TAH-BSO NED, 6 yrs 





trial adenocarcinoma were studied for the presence of 
adenomyosis and the varying degrees of histopath- 
ologic alteration found in these adenom youc foci. 


Material and methods 

Of 204 patients undergoing hysterectomy for endo- 
metrial adenocarcinoma on the gynecologic service of 
The Johns Hopkins Hospital during the years 1955 
to 1974, 21 (10%) were found to have associated ade- 
nomyosis. The latter diagnosis was made only when 
endometrial glands and stroma were found in the 
myometrium more than one high-power microscopic 
feld below the basal endometrium. 

All histologic material from these cases was reviewed 
and additional sections were cut only if the original 
slides were considered inadequate. 

Clinical data. Clinical data were available on 20 of 
the 21 cases. The youngest patient was 38 and the old- 
est was 84 years of age; 15 were white and 5 were black; 
16 were mulugravid and four were nulligravid. 

Symptoms. As might be expected in patients harbor- 
ing both endometrial cancer and adenomyosis, abnor- 
mal uterine bleeding was the presenting complaint in 
all cases. 

Pathology. Review of the sections from 21 uteri with 
adenomyosis and adenocarcinoma revealed that, in foci 
of adenomyosis, atypical endometrial hyperplasia was 
present in two cases and adenocarcinoma was present 
in six cases. The atypical hyperplasia was charac- 
terized by loss of intervening stroma resulting from 
aggressive epithelial proliferation. Individual cell atypia 
was not significant (Figs. | and 2). 

The adenocarcinoma in adenomyosis was well dif- 
ferentiated in all cases. Myometrial involvement was 
present to a depth of less than 50% in four instances 
and to more than 50% in two cases. 

In addition to the above six cases from the files of 
The Johns Hopkins Hospital, there were two referred 
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Fig. 3. Diffuse adenomyosis with focal adenocarcinoma— 
invelverent to serosa at arrow. (X 35.) 


cases m which adenocarcinoma in adenomyosis in- 
volved more than 50% of the myometrium, and in one 
malignant alterations were recognized in adenomyosis 
adjacent to the serosal surface (Fig. 3). 

As is true in most cases of well-differentiated carci- 
noma, individual cell anaplasia was not found to be a 
significant histopathologic feature and the diagnosis 
was established primarily by pattern rather than cell 
detail. Pseudostratification of the epithelium, mitotic 
activity, and marked adenomatous crowding of the 
glands with papillary infolding into the lumina were 
the prominent findings. The differential between di- 
rect myometrial invasion and tumor developing in 
adenomyosis was based primarily on Sampson’s criteria 
as noted below, namely, the demonstration of a direct 
transigon from benign to malignant and the finding of 
stroma with the epithelial elements (Fig. 4). In contrast, 
metastatic or invasive foci classically lack the stromal 
component (Fig. 3). 


Treatment and results 
All cases were treated with abdominal hysterectomy 
and bilateral salpingo-oophorectomy. In three of the 
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Fig. 4. Adenocarcinoma beginning in adenomyosis. Note transition from benign adenomyosis to 


cancer at arrow. (x90.) 


eight cases adjunctive postoperative pelvic irradiation 
was given. In the latter, the malignant alteration in 
adenomyosis was found in the inner 25% of the myo- 
metrium in two instances while in the third case the 
outer half of the myometrium was the site of neoplastic 
change. In the remaining five cases, the adenocarci- 


noma in adenomyosis was present in the inner 25% of 
the myometrium in two instances and at a depth of 


75% in one case; in the other cases, the subserosal myo- 
metrium was involved. All patients are living and well 
5 or more years without evidence of disease (Table I). 


Comment 


The development of adenocarcinoma in ectopic en- 
dometrium has been documented by numerous inves- 
tigators. In 1925, Sampson? established the criteria for 
the acceptance of such an association in the ovary, and 
Scott,® in his review of the subject in 1953, reathrmed 
the significance of these criteria. Briefly they are: (1) 
benign and malignant tissues coexist in the same ovary: 
(2) carcinoma must arise in a focus of endometriosis, 
thus eliminating the possibility of metastatic disease; 


> 


and (3) supporting evidence includes the finding of 
tissue resembling endometrial stroma surrounding 
characteristic glands. 

Scully and associates* reported 17 cases of endome- 
trioid carcinoma in the ovary, four of which fulfilled 
Sampson's criteria. These authors confirmed the opin- 
ion of previous investigators that the occurrence of 
such a sequence of events as described by Sampson was 
uncommon, Brooks and Wheeler‘ reviewed the litera- 
ture relative to malignancy arising in extragonadal en- 
dometriosis and accumulated 46 cases from the litera- 
ture including one of their own. 

In spite of these many references to carcinoma aris- 
ing in endometriosis at extrauterine sites and the well- 
known frequency of endometrial adenocarcinoma, 
there are few documented cases of neoplasia develop- 
ing in adenomyosis with or without associated in- 
trauterine cancer. Rolly’ is given credit for the inital 
report in 1897, and one such case is recorded in Cul- 
len’së monograph on adenomyoma published in 1908. 
Although Borowski? collected 26 cases in 1929, only 
two including his own can be considered well-docu- 
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Fig. 5. Invasive adenocarcinoma—direct invasion without a stromal component. (x 130.) 


mented demonstrations of adenocarcinoma in adeno- 
myosis, since the majority of the lesions were apparent 
examples of adjacent malignancy invading adeno- 
MVOSIS. 

Review of the literature revealed 16 documented in- 
stances of adenocarcinoma in adenomyosis. In eight 
cases the malignancy apparently arose at both the in- 
trauterine and adenomyotic sites.9-'? In three of Col- 
man and Rosenthal’s’® four cases of endometrial ade- 
nocarcinoma, there was evidence of “carcinoma within 
areas of adenomyosis”; however, it is difficult to de- 
termine whether this was direct invasion or represen- 
tative of separate and distant alterations. In the remain- 
ing eight cases, the neoplasia apparently developed in 
adenomyosis without adenocarcinoma in the intra- 
uterine endometrium (Table I]).7 5 1 15719 

In the present series adenomyosis was found in as- 


sociation with endometrial adenocarcinoma in 10% of 


204 cases. Others*°-* have reported incidences of such 
association in 16%, 19.4%, 33%, and 60%; however, 
malignancy arising in the adenomyotic foci was not dis- 
cussed although “considered” by Marcus.”® 

In the current series of 21 cases in which there was 


Table II. Literature review: Cases of adenocarcinoma 


in adenomyosis 










Without With 


intrauterme intrauterine 

Authors malignancy malignancy 
Andrews 1 (?) oe 
Baril and associates!” l — 
Borowski? — ] 
Colman and Rosenthal’? —— 4 {?) 
Cullen“ L (?) _ 
Deckerty" l I 
Dubrausky and Niendorf’ 1 (?) — 
Fisner!? 1 C) ee 
Grayzel™ = l 
Greene” 1 ue 
Kumar and Anderson”? — i 
Rolly? L ©) 1 
Winkelman and Robinson'* 


an association of adenocarcinoma and adenomyosis, six 
(30S) demonstrated malignant alteration in both sur- 
face and intramyometrial endometrium. An additional 
two cases referred to the laboratory are included in the 
fina! analysis since careful histopathologic study and 
clinical evaluation have been possible in both instances. 
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This remarkably high association of malignancy at 
separate sites, in both the intrauterine and adenomyot- 
ic endometrium, compared with the few reported 
cases, can only be attributed to a more careful evalua- 
tion of the histopathologic material or differences in 
the interpretation of the myometrial disease. We feel 


that the latter is the more realistic interpretation. Of 


major significance, however, is the differential in survi- 
val between deeply invading adenocarcinoma and that 
arising in separate foci. This difference has been elabo- 
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rated in the study of cases of endometrial and ovarian 
neoplasia in which the lesions developed at separate 
sites as contrasted with true metastatic disease.’ * 

Although this series is small, it represents an ap- 
proach to differential diagnosis between metastatic and 
multifocal disease. Certainly more studies are needed 
in order to confirm or refute the opinion that there is a 
remarkable differential in prognosis between these 
conditions. 
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Tritiated water exchange in the human uterine cavity 


E. AZAR* 
G. S. BERNSTEIN 
S. T. SHAW, Jr. 


Los Angeles, California 


Measurements with the use of tritiated water (@H,O) in human valne indicate that the mean 
tritiated water half life (t2 H20) in the uterine cavity is 1.3 minutes. This figure is very close to that 
previously measured in subhuman primates.’ By extrapolation from various prior studies, the volume 
of the human uterine cavity (aV,) may be assumed to approximate 0.4 to 0.6 ml. According to the 


formula aVe x —_—— ae 
2 (t2 3H,0) 


water turnover in the human endomet-ial canal is calculated to range from 


222 to 332 ml/24 hours. (AM. J. OBSTET. GYNECOL. 138: 833, 1980.1 


DATA ON UTERINE CAVITY water turnover in hu- 
mans should be useful in devising intrauterine medica- 
tion delivery systems. If the half life (t44) of a given 
medication in uterine cavity water and the cavity water 
turnover rate are known, the delivery rate from an 
intrauterine device necessary to maintain a given con- 
centration inside the uterine lumen can be calculated. 
Medication half lives can be determined from radio- 
labeled medications deposited in the endometrial 
canal. Uterine cavity volume and water t!4 must be de- 
termined in order to calculate water turnover in the 
uterine canal. _ 

Few studies bearing on uterine luminal volume and 
fluid turnover in mammals have been performed. Pre- 
vious Investigations on human uterine cavity size kave 
determined only dimensions of length and width and 
characterized its general shape. These studies have 
been performed: (1) by casting the cavity of surgical or 
autopsy specimens with various substances,” 3? (2) by 
examining hysterosalpingograms,* * and, most re- 
cently, (3) by using a “uterine metrology device.” At- 
tempts at measuring endometrial fluid production in 
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rats and mice have been made by closure of the lower 
uterine horns or cervices and, after a period of time, 
aspiration of accumulated fluid.” 8 Volume of fluid 
preduction has also been attempted in ewes by collec- 
tion from an indwelling catheter with the lower end of 
the uterine horn ligated.’ 

In an effort to assess water volume and turnover rate 
in the uterine cavity (endometrial canal) under physio- 
log-c circumstances, Shaw and associates! measured the 
trit.ated water (#H,O) volume and exchange in uterine 
cavities of monkeys. This paper reports on similar mea- 
surements carried out in human volunteers. | 


Naterial and methods 


The materials and instruments used were the same 
as previously described,’ with one exception. For infu- 
sion of the 3H,O solution into and for washout of the 
human uterine cavity through the cervical canal, a 
modified Lippes Loop inserter with a prethreaded fine 
Teflon tubing was used (Fig. 1). 

‘The methods were based on the following principles 
and assumptions used previously in experiments with 


= rhesus and cynomolgus monkeys': (1) If the uterine 
cavity fluid is replaced by a physiologic solution con- 


taining °H,O, the radioactive water in the cavity will be 
diluted in time by exchange with that water which con- 
tinually enters and leaves the endometrial canal by pro- 
cesses of diffusion and secretion, absorption, and flow 
through the cervical canal and possibly the fallopian 


`- tubes. If the amount of tritiated water remaining in the 


cavity 33 +3 determined at varying time intervals after the 
endometrial fluid is originally replaced with the "H,O 
solution, the t4 3H,O can be determined graphically 
from the negative curve of the remaining #H,O in the 
cavity versus time (Fig. 2). (2) By extrapolation of the 
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Fig. 1. This demonstrates a plastic Lippes Loop inserter into which a hole is drilled near the vaginal 
end to snugly accomodate Teflon (TFE) tubing (0.38 mm inside diameter) tipped by atraumatic 
silicone rubber tubing (3.94 mm outside diameter). 9H,O in PS is infused or injected into the uterine 
cavity through the Teflon tubing. At intervals after injection, the remaining "H30 in the endometrial 
canal is Aushed out by infusing 15 ml of PS at 3 ml/min. The washout fluid is collected from the 


vaginal end of the inserter into serial fractions. 
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Fig. 2. Curve of §3H,O disappearance from uterine cavity with 
time in one experiment on Subject 3. Arrow is at tl 
H,O = 0.58 minutes. 


negative curve to zero time (t = 0), the amount of °H,O 
in the cavity initially may be derived. Assuming the 
cavity volume to be of physiologic dimensions at t = 0, 
the amount of °H,O in the cavity at t = 0 divided dy the 
specific radioactivity of the "H,O solution infused 
equals the volume of distribution of cavity water, or the 
apparent uterine cavity volume (aV,). Thus, daily water 
turnover in the uterine lumen may be calculated from 
aVe , 1,440 ı 

2 th °H,O 

Thirty-five satisfactory experiments were carried out 


the equation 


on four female volunteers. All four women were de- 
termined to be in good general health by history and 
physical examination. They all had regular, subjec- 
tively normal menstrual periods varying from 28 to 32 
days in length, and none of the women was using an 
intrauterine contraceptive device or hormonal con- 
traception. None of the women had been pregnant 
within the prior year. Ovulatory cycles were confirmed 


in all by serum progesterone levels exceeding 4 ng/ml 


on days 21 to 23 following the first day of the last men- 
strual period. Other data are shown in Table I. Men- 
strual diary cards were used so that accurate times in 
the menstrual cycle could be recorded when experi- 
ments were performed. All subjects signed informed 
consents detailing all possible risks which could be an- 
ticipated. The women were instructed to come to the 
clinic for measurement on days 6, 11, 16, 21, and 26 of 
the cycle. No measurements were made during men- 
struation. | l 

Experiments were performed with the subjects in the 
lithotomy position. With the use of a sterile technique, 
the modified Lippes Loop inserter with its prethreaded 
Teflon tubing was put into the cervical canal and the 
uterine end was extended to the level of the internal os 
(Fig. 1). The endocervical canal was often dilated 
gently with a series of uterine sounds in order to allow 
the modified inserter to completely fill the canal at the 
internal os without undue stretching. This dilation and 
insertion never resulted in the appearance of blood at 
the external os or in the infusion or washout fluid. The 
cavity end of the Teflon tubing, initially retracted in- 
side the inserter, was gently threaded from the level of 
the internal cervical os to the uterine fundus and then 
withdrawn 2 to 4mm. One of two procedures was then 
carried out. The uterine cavity was either infused with 
15 ml of $H,O in physiologic solution (PS) or injected | 
with 10 yl of 9H,O in PS. In the latter case, the distal 
portion of the Teflon tubing was filled prior to inser- 
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Table I. Data on four female volunteers 













Uterine 
sound depth 


(cm). 






Obstetric 


Subject history* Other data 





1 ` 29 3/3/0 ` 7.5 Laparoscopic tubal 
. ligation 1 year 
previously 
2 2! 1/1/0 7.5 No contraception 
3 43 -5/3/2 1 Abdominal tubal 
. ’ ligation 15 years 
earlier’ 
4 27  3/3/0 8.0 No contraception 


(husband under- 
went vasectomy) 


*Gravidity/parity/abortions. 


tion with 10 wl of “H,O in PS by means of a calibrated 
microliter syringe. In both cases, the specific radioac- 
tivity of the infusion or injection fluid was known and 
usually approximated 1 x 108 dpm/ml. The infusion 
fluids were warmed to 40° C before flushing. The com- 
position of the PS, which had a pH of 7.84 and an 
osmolality of 271 mOsm/kg, was the same as that pre- 
viously used in monkeys." Whenever either "H,O in PS 
or washout PS was injected or infused, the Teflon tub- 
ing was gradually withdrawn into the inserter during 
the last portion of the injection or infusion. After the 
infusion .or injection was stopped, the inserter was 
withdrawn. Any solution which spilled into the vagina 
during infusion or withdrawal of the inserter was ab- 
sorbed into a cotton sponge and discarded, The rate of 
all infusions was 3 ml/minute and was controlled by a 
constant-infusion pump. ee 

After usual intervals of 1.0, 2.0, and 3.0 minutes fol- 
lowing infusion or injection of 3H,O in PS, the endome- 
trial canal was infused with 15 ml of PS to wash out the 
remaining 9H,O. The washout fluid, issuing from the 
vaginal end of the the inserter, was collected serially in 
fractions of approximately 1 ml. The volume of fluid 
collected in each tube was determined by weighing the 
tubes before and after collection. In this way the exact 
volume was calculated and, when multiplied by the 
count rate subsequently determined in a liquid-scin- 
tillation counter, the total 9H,O per fraction was de- 
termined. 

In each satisfactory experiment, three or more 
tritiated water injections followed by an equal number 
of washout infusions were performed in order to de- 
termine the amount of °H O remaining at approxi- 
mately 1.0, 2.0, and 3.0 minutes after injection. In the 
majority of these experiments, one or more intervals 
were duplicated to determine the degree of variation in 
repeated measurments. In all other ways, the methods 
and calculations. were the same as those previously de- 
scribed for measurements in subhuman primates.’ — 
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Fig. 3. Composite regression curve of °H,O disappearance 
fron uterine cavity with time. The graph includes 144 data 
points from 35 experiments on four subjects, The correlation 
coefficient for these data is —0.53 (p< 0.01). The arrow 
points to t% 3H,O = 1.32 minutes derived from the curve. 


Results 


Tnitially in the study, 15 ml of "H,O in PS was infused 
inte the uterine lumen in order to replace endometrial 
fluid with H,O in PS at t = 0. This is necessary for the 
determination of aV,. A series of unsatisfactory exper- 
iments followed. In contrast to prior experiments on 
monkeys, after two or more infusions of 93H.O in PS 
and PS washout cycles, recovery of infusion fluid vol- 
ume through the modified Lippes Loop inserter 
rapidly declined. This suggested that repeated infu- 
siors may have been associated with an opening of the 
proximal oviducts and loss of infused fluid into the 
fallopizn tubes. In fact, experiments on one woman 
(Subject 2) repeatedly resulted in poor returns of in- 
fused volume whenever the procedure was carried out 
on or rear day 16 of the cycle. An experiment was not 
considered satisfactory unless all infusions were asso- 
ciated with recoveries =95% of the infused volume. 

In order to decrease the number of infusions re- 
quired per experiment and still to measure at least 
three time intervals after "H,O instillation, a 10 pl in- 
jection of °H,O in PS was used instead of the 15 ml 
infusion of "H,O in PS. In this way, we were able to 
mezsure two to three intervals in each subject during 
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Table II. Data on “H,O exchange rates in four women 


` Range of t2 *H,0 Mean t'4 H,O No. 
in minutes in minutes of experiments 










Range of 


Subject No. correlation coefficients 
. l 0.61-0.90 0.76 2 (9*) —0.84 to —0.98 
2 0.76-3.20 1.56 5 (20) -0.89 to — 1.00 
3 0.42-0.81 0.64 4 (19) —0.86 to —1.00 
4 0.92-2.56 1.68 6 (25) —0.86 to — 1.00 
Total 0.42-3.20 1.29 17 --0.95 (mean) 


*No. of data points. 


Table HI. Mean *H,O exchange rates during 
three phases of the ovarian cycle 









Mean t'4 H,O (minutes) 





No. of 
experiments 





] 2 0.63 0.91 
2 7 1.64* 1.30 1.12 
3 4 0.72 0.73 
4 7 1.964 1.50 1.39 


Grand mean 1.44 1.14 1.04 


*Includes one very high result of 3.20 minutes, 
+Includes one high result of 2.56 minutes. 


35 satisfactory experiments. As many as six successful 
measurements could be carried out in several experi- 
ments. Thus, many time intervals were repeated at 
least once in the majority of experiments, and the 
variation was calculated. The percent difference was 
calculated for 34 intervals which were repeated during 
the same experiment. These differences ranged from 
1% to 13% and averaged 3.6%. In most cases the 1.9- 
and 3.0-minute intervals were repeated nonconsecu- 
tively. An additional advantage of injecting a known 
amount of radioactivity at t = 0 was that it provided an 
additional data point for each experiment, that is, dis- 
integrations per minute in the uterine canal at t = 0 
(Fig. 2). 

Fig. 3 demonstrates the individual data (144 points) 
from satisfactory experiments in four volunteers. The 
regression curve from this composite data indicates a 
mean t% "H,O in the human uterine cavity of 1.32 
minutes. The correlation coefficient determined for 
these data was —0.53, which is associated with a 
p < 0.01 that the data coordinates were randomly dis- 
tributed. 

Table II summarizes the data of the 17 best indi- 
vidual experiments, i.e., those associated with correla- 
tion coefficients of —0.84 to — 1.00. The mean t% °H:O 
was 1.29 minutes, a figure in close agreement with the 
t% derived from the composite data. Individual t% 
5H,O measurements ranged from 0.42 to 3.20 minutes. 

Table II demonstrates an eightfold variation of the 


water exchange rate (t2) among the four subjects stud- 
ied at various times, and for one subject there was a 
greater than fourfold variation among individual ex- 
periments (Subject 2). Since these subjects had very 
regular cycles and kept diary cards, it was possible to 
estimate the degree of variation among all subjects dur- 
ing the ovarian cycles. For purposes of statistical analy- 
sis, the ovarian cycle of each volunteer was divided into 
three phases: follicular, periovulatory, and luteal. The 
earliest measurements were made on day 6 and the 
latest, on day 26; thus, for purposes of analysis, days 6 
to 11 were considered follicular; days 12 to 18, 
periovulatory; and days 19 to 26, luteal. 

When composite data were used, the t/4 °H,O during | 
the follicular phase was found to be 1.20 minutes, that 
for the periovular phase was 1.48 minutes, and that for 
the luteal phase was 1.16 minutes. Table III demon- 
strates the mean t4 9H,O measured in 20 experiments 
on the four subjects. No significant difference exists for 
a = 0.05 in the Kruskal-Wallis nonparametric one-way 
analysis of variance.’ The composite data indicated 
that the periovulatory phase is associated with the 
longest t!4, whereas the selected data shown in Table 
IHI indicated that the follicular phase is associated with 
a longer te. However, neither analvsis indicated a 
statistically significant difference between phases. 

Experiments with the use of "H,O indicate that the 
uterine cavity of the human exchanges half its con- 
tained volume of water in approximately 1.3 minutes 
on the average (t4 "H:O = 1.3 minutes). In experi- 
ments performed in vivo on four women volunteers, 
we measured t% "H,O varying from 0.42 to 3.20 min- 
utes. This variation did not appear to depend sig- 
nificantly on the phases of the ovarian cycle. However, 
these observations relied on a relatively small number 
of experiments performed during the menstrual cycles 
of only four women. More extensive studies may reveal 
statistically significant differences in various periods of 
the ovarian cycle. That a dramatic difference did not 
regularly occur between various phases at first seems 
surprising. However, the exchange rate of water may 
be much less affected during the monthly changes of 
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the uterine endometrium than are the exchange rates 
of other substances in the endometrial fluid, parucu- 
larly proteins and mucoproteins. 

Previous experiments with radioisotopic water have 
resulted in measurements of apparent uterine cavity 
volume, t% °H,O, and water turnover in subhuman 
primate models.’ By means of similar technique re- 
ported here, we were able to estimate t2 9H,O but not 
the apparent uterine cavity volume or water turnover 
in female human volunteers. However, by extrapola- 
tion from our previous work on primates and various 
published experiments in which uterine cavity size was 
determined in humans, an estimation can be made of 
cavity volume and, in conjunction with measured t 
SHO, human uterine lumen water turnover. Various 
measurements of uterine cavity dimensions are con- 


Tritiated water exchange in uterine cavity 837 


sistent with a volume of 0.600 ml.'~® Apparent uter- 
ine cavity volume measured in monkeys was 0.032 
ml.' Since women of reproductive age are approxi- 
mately 13 times heavier than rhesus monkeys of re- 
productive age,!! aV, could be assumed to be approx- 
imately 13 times greater in humans, or 0.416 ml. 
Thus, several types of experimentation suggest that 
the mean volume of the human endometrial canal is 
in the range of 0.400 to 0.600 ml. With the assump- 
tion that this is true and that t2 3H,O is 1.3 minutes, 
water turnover in the human uterine cavity would be 
(from equation 1) 


0.4-0.6 | I 5440 


5 13 = 999 to 332 ml/24 hours. 
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CORRESPONDENCE 





Laser therapy of cervical intraepithelial neoplasia 


To the Editors: 

In the article by Baggish, entitled “High-power— 
density carbon dioxide laser therapy for early cervical 
neoplasia,” which appeared in the January 1, 1980, 
edition of the Gray JOURNAL, on page 117, Dr. Baggish 
claims a high cure rate with high-power~—density car- 
bon dioxide laser therapy for cervical intraepithelial 
neoplasia (CIN). The primary failure rate with laser in 
Dr. Baggish’s hands is 26% and it is 32% for CIN III. 
For cryosurgery, the primary failure rate is around 
10%.' The failure rate after second therapy, in Dr. 
Baggish’s hands, was approximately 7%, which is no 
better than that with cryosurgery. Baggish criticizes 
cryosurgery because it supposedly has major hazards 
and moves the squamocolumnar junction into the 
canal. Where are his data? 

When compared to conization, which has a failure 
rate of less than 4%, according to an article by Kolstad 
which Dr. Baggish cited, laser rates very poorly. The 
results obtained by Carter and Stafl and their associ- 
ates, who used low-power density, both of whom he 
cited, had a lower primary failure rate than that of Dr. 
Baggish. Their overall cure rate was lower than his, 
after two treatment sessions. 

The treatment of diethylstilbestrol (DES)-related 
epithelial changes is totally unnecessary and represents 
meddlesome medicine. 

The 15 cases of carcinoma in situ in DES-exposed 
offspring in his 120 patients is three times as many as 
we have in the 4,000 DES-exposed offspring in 
the nationwide National Cooperative Diethylstilbestrol 
Adenosis Project. Perhaps not all of his patients had a 
legitimate carcinoma in situ. 

The use of electrodiathermy by Chanen and Hol- 
lyock,? which requires general anesthesia, has a superb 
cure rate with very few complications. I know of no 
single death in Australia, and they have treated more 
than 2,000 patients in Sidney and Melbourne. 

The recommendations for caution must be strongly 
emphasized since more carefully controlled studies 
must be carried out with the laser before it can be con- 
sidered a legitimate treatment modality. 

Duane E. Townsend, M.D. 
Division of Gynecologic Oncology 
Department of Obstetrics and Gynecology 
Cedars-Sinai Medical Center 
Los Angeles, California 90048 
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Reply to Dr. Townsend 


To the Editors: 

Dr. Townsend’s letter unfortunately extracts data 
from my article, “High-power—density carbon dioxide 
laser therapy for early cervical neoplasia,” out of con- 
text. He quite surely knows that ail cases treated by 
laser were included in these statistics, i.e., even patients 
with early CIN who were treated to a shallow depth by 
laser beam prior to the current routine removal of the 
enure’ squamocolumnar junction down to 5 mm. Re- 
treatment was done at 3 weeks and again at 6 weeks. 
Since the first 50 patients were examined every other 
day and since early follow-up therapy was very aggres- 
sive, many of these “retreatments” were most probably 
carried out for atypical metaplasia, a finding prevalent 
in the healing phase. Primary therapy in this study was 
considered to terminate after 6 weeks, i.e., after 6 
weeks patients were examined every 6 months. In ac- 
tuality this compares favorably with cryosurgery stan- 
dards where in fact every patient initially receives two 
treatments. Complete healing had occurred in the cases 
requiring two additional laser exposures before the 
cervical discharge had stopped in a like group of 
cryosurgery-treated patients. These criteria are in fact 
no different from those suggested in an article which 
Townsend coauthored: “Two cryosurgical treatments 
were used in most patients before it was considered a 
failure.”’ The long-term cure rate in my series was 
95%, i.e., there were five failures in 115 cases. 

Dr. Townsend cites a cryosurgical failure rate of 10% 
but supplies no follow-up data. Again in the article he 
coauthored one year later, the overall residual failure 
rate was 19% in the entire group of 118 cases and 33% 
in the CIN III group. The latter cryosurgical failure 
statistics are corroborated in several other published 
series. Creasman and associates ° reported persistent 
CIN following cryotherapy in 22 of 75 patients (30%). 
When a single treatment was given, the failure rate was 
48% as compared to 18.7% when two treatments 
were performed. Gray and Christopherson’ routinely 
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treated 66 women twice while other patients had even . 


more freezings. Sixteen patients had persistence of 
dysplasia or carcinoma in situ (a failure rate of 24%). 
Most recently, Walton and associates‘ reported failure 
rates of 24.2% (moderate dysplasia) and 31.6% (severe 
dysplasia). 

A major advantage of laser therapy is that it is truly a 


microsurgical technique and since minimal necrotic tis- 


sue is left behind healing proceeds rapidly with virtu- 
ally no scar formation. Cryosurgery may sometimes 
result in severe healing difficulties. In the study of 
Walton and associates‘ four patients developed cervical 
stenosis; one patient had acute cervical necrosis, and 
one experienced severe dysmenorrhea. Dr, Townsend 
questioned data about severe hazards associated with 
cryosurgery. There is documented evidence that a de- 
fective “O” ring on the cryosurgical probe has led to 
massive insufflation of carbon dioxide, resulting in car- 
bon dioxide embolus, cardiac arrest, and stroke. Simi- 
larly cryosurgery for extensive CIN has led to massive 
cervical destruction with acute necrosis and sloughing 
of the entire cervix. . 

Dr. Townsend next compares results with sharp con- 
ization to my laser statistics. Silbar and Woodruff,’ re- 
viewing biopsy, cone, and finally hysterectomy speci- 
mens, reported a 21% rate of residual in situ neoplasia 
(in the uterus) following sharp conization. Garcia and 
l associates® studied 115 patients with carcinoma in situ 
who had sharp conization and were subsequently 
treated by total hysterectomy (within a maximum of 6 
weeks). Significant residual neoplasia was found in the 
uterus in 51% of these patients. Within the body of this 
paper was a table citing 12 references (1957 to 1974) 
with a rate of residual carcinoma after conization rang- 
ing from 16.4% to 50%. Additionally the sequelae after 
sharp conization may be unpleasant, especially for the 
young woman. Lee? reported on the reproductive out- 
come of 97 patients following sharp cone biopsy. The 
spontaneous abortion rate was 27, 1% (double the usual 
quoted incidence). The cesarean section rate was 22.1% 
and three of the 17 cesarean section patients had a 
fibrotic cervix which failed to dilate. Cervical 1 incompe- 
tence was a contributory factor to 11 labors, resulting in 
a 14.5% incidence of premature deliveries. . 

Stafl and associates® and Carter and associates? re- 
ported cure rates that were lower than mine because of 
lower-power density (and in the former series eee 
ial destruction). 

We found 15 in situ neoplasias of the cervix and 
vagina in 400 cases of DES-exposed women. This dces 


not appear to be an excessive number since most of. 


these cases were referred patients. We most probably 
saw the patients with the most worrisome lesions 
whereas the general gynecologist would tend to cb- 
serve and not refer other DES-exposed. patients. All 
biopsy sections were read by two pathologists and over- 
reading was avoided by not specifically labeling these 
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cases as DES treated but rather including them with 
other (non-DES) in situ neoplasms. 

Firallr and most perversely, Dr. Townsend espouses 
electrod:athermy with general anesthesia in preference 
to laser beam therapy. Here most certainly ts demon- 
strated the greatest contrast between a precise, exact, 
microsurgical procedure and gross, unselective mass 
tissue destruction. The odds favoring a mortality with 
the required general anesthesia in fact exceed the mor- 
tality of -he disease under therapy, a paradox inconsis- 
tent witt logical therapeutic objectives. Phillips found 
that four of every 10,000 Baltimore residents operated 
upon died from anesthesia per se (0. 04%). In this 
study, including data from 20 Baltimore hospitals, the 
mear. death rate attributable to anesthesia for female 
subjects was approximately 3 per 10,000. In 1970, 
a speciad committee (New South Wales, Australia)" 
identified 1,215 errors in 286 deaths related to general 
anesthesia. Chanen and Hollyock” also reported five 
major secondary hemorrhages requiring transfusion 
and three patients who developed cervical stenosis. I 
am certain Dr. Townsend is aware that the risk of 
hepacitis may be as high as 1% per transfusion, with an 
equaly high incidence of the development of chronic 
liver diszase. Further hemolytic and febrile reactions 
may accompany 3% of all transfusions. These compli- 
cations zre a high price for a woman to pay for treat- 
ment of a premalignant lesion when other modalities 
pricing Fewer and less severe side effects are available. 

` Firallr, I do not see the laser differing greatly from 
the scalpel. The energy for delivery of the incision dif- 
fers but ihe end result most definitely will depend on 
the sxill of the operator. The laser is not magical; it is 
simply a fine, precisely controlled surgical instrument. 

Michael S. Baggish, M.D. 
Department of Obstetrics and Gynecology 
Mour.t Scaai Hospital 
500 Blue Hills Avenue 
Hartford. Connecticut 06112 
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Betamethasone in prevention of respiratory 
distress syndrome l 


To the Editors: 

The recent article by Doran and associates, entitled 
“Results of a double-blind controlled study on the usé 
of betamethasone in the prevention of respiratory 
distress syndrome” (Am. J. OBSTET. GYNECOL. 136: 
313, 1980), contains so many statistical and arialytical 
deficiencies that some detailed analysis of its content 
seems justified. The purpose of the article, as stated in 
the title, was to report the results of a double-blind 
controlled study on the use of betamethasone in the 
prevention of respiratory distress syndrome (RDS). 
The data have been handled in such an uncritical way 
the casual reader might be seduced into reaching the 
same-conclusions the authors proposed, that is, that the 
data demonstrate some implied benefit to the adminis- 
tration of betamethasone, at least in terms of preven- 
tion of neonatal mortality. The central factors in this 


paper which néed to be considered center around the ` 


information contained in Table X. It is clearly demon- 
strated that when the population, of patients is studied 
by gestational age, there is iio difference’ between the 
drug and control groups in the incidence of RDS. That 
table alone deals adequately with the proposed effect of 
steroid administration with regard to the development 
of respiratory distress and associated complications in 
the study population. With that particular table,- the 
paper could and should have concluded without 
further attempt to deal with the data in-any more 
elaborate fashion. 

Several factors were almost completely ignored when 
the authors listed the perinatal deaths in the drug and 
control populations as outlined in Table V. It should be 
noted that among the five deaths in the steroid-treated 
group, four infants were either stillborn or died of 
causes unrelated to pulmonary maturity or steroid 
administration. The only remaining death was in a 
25-week, 750 gram infant who in many nurseries aga 
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be considered previable. It was also not stated whether 
or not this child suffered from respiratory distress. 

More important, in the “placebo” group the first 
seven infants were either stillborn or presumably pre- 
viable by gestational age. Of the remaining seven, one 
was stillborn, one had a congenital syndrome incompat- 
ible with life, and twọ died of causes presumed to be 
unrelated to respiratory distress because they were not 
said to have had RDS. One makes this assumption be- | 
cause the remaining three were said to have had RDS. 
By the most charitable analysis, then, only three of this 
entire group died of a disease which steroid adminis- 
tration is designed to prevent. Also, if one proposes 
to draw’ the conclusion from this study that be- 
tamethasone in some way is associated with increased 
neonatal survival, one must eliminate from the analysis 
and subsequent statistics those patients without the po- 
tential for survival. As stated above, this results'in sev- 
eral denominator difficulties within the suksequent 
statistical analysis. If one removes all of the stillbirths 
and predestined neonatal deaths from unavoidable 
causes, one reduces the treated group to 76 (removing 
one stillbirth and threé babies dying of nonrespiratory 
causes) and the control group to 52 (removing three 
stillbirths and five other infants who were previable by 
weight and/or gestational age). Even if those live-born 
babies in each group with no presumed viability poten- 
tial are included, the neonatal mortality rate in the 
treated group is 4/79 versus that in the placebo group | 
of 8/57. The difference is not statistically significant. 

- If one evaluates the data included in Table VI, it can 
be seen that the gestational age at delivery of the 
placebo group is, significantly less than tha: of the 
treated group at delivery, although the significance is 
borderline. A statistical assessment of the differences in 
birth weights was not provided, which also casts some 
doubt on the comparability of the two groups. This 
may reflect upon the difference in incidence of RDS 
between the two groups which, by the authors’ incor- 
rect and uncorrected statistics, is said to be significantly - 
different. The authors pointed out that by gestational 
age this difference is not significant; therefore, the 
original statement of reference is meaningless. 

. Further, the comment regarding the perinatal mor- 
tality rate in the two groups is also meaningless, in that 
it was already acknowledged that the two groups were 
not comparable. The frequency of stillbirths in the con- ` 
trol group as well as the numbers of patients with un- 
avoidable deaths was noticeably higher. 

The authors stated: “the neonatal mortality rate was 
significantly less in the treated group (4/80 or 5%) than 
in the control group (11/60 or 18%). This difference in 
neonatal mortality rate was probably due to the statisti- 
cally significant reduction in the incidence of RDS in 
the entire treated group (4/80 or.5%) as compared to - 
the control group (10/60 or 17%).” Since the’ authors 
had already ignored the fact that the groups were not 
comparable in overall distribution of gestational age 
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and had already specified that the incidence of RDS 


when viewed by gestational age does not show sig- 


nificant differences, this conclusion is unjustified. The 
fallacy of this conclusion becomes more evident when 
one realizes that the expected outcomes have not been 
adjusted for unavoidably fatal occurrences in both 


groups as a result of previable fetuses and anomalies » 


incompatible with life. 

The initial intent of the study was admirable. Unfor- 
tunately, the. data processing and conclusions drawn 
from this study clearly lead to the conclusion that the 
study has proved nothing when the data are properly 
analyzed. One often hears of the futility of comparing 
apples and oranges. This study, in its published form, 
is patently a fruit cocktail. | 

Richard P. Perkins, M.D. 
Department of Obstetrics and Gynecology 
School of Medicine 
The University of New Mexico 
Albuquerque, New Mexico 87131 


Reply to Dr. Perkins 


To the Editors: 

Dr. Perkins, in his criticism of our paper, has focused 
his attention on a number of areas which I and my 
colleagues feel require a point-by-point response. The 
main finding’ of our paper was that in this double-blind 
study of the effects of betamethasone in the prevention 
of RDS there was a statistically significant reduction 
(p < 0.05) in the incidence of RDS when the control 
group (10/60 or 17%) and the treated group (4/80 or 
5%) were compared. There were 60 live births in the 
placebo group (including one set of twins) and 80 live 
births in the treated group (including six sets of twins). 
The numerators and denominators in each of these 
two fractions refer only to live births (Table VI). 

When the drug and placebo groups were broken 
down into the two main gestational groups (24 to 32 
weeks, Table VII) and (33 to 34 weeks, Table VIII), 
there was still a difference in the incidence. of RDS 
between drug and placebo in each group but it was not 
statistically significant. Similarly, when we further 
subdivided the groups into smaller gestational age 
categories of 4 weeks (Table X), the difference in inci- 
dence of RDS was present between drug and placebo 
groups up to 36 weeks but, as one might expect, only 
when both drug and placebo groups were totaled was 
the difference statistically significant. This is obviously 
a function of the small number of cases in each sub- 
category. This does not in our opinion detract from the 
main finding of the study derived from analyzing the 
incidence of RDS in drug and placebo in all live births 
which is summarized in Tables VII, VIII, and IX, in 
that the word “total” at the top of each column refers to 
live births in each table. This can easily be deduced by 
looking at the numbers to the left of the total column in 
each case. 
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Dr. Perkins’ second major criticism is the compara- 
bility of the drug and placebo groups, which is sum- 
marizec in Table VI. First, the p value column indi- 
cates a value only where there is a statistically significant 
differerce and we apologize for this heacing which 
should Aave read “value if p < 0.05.” When we com- 
pared tne characteristics of the two groups, the birth 
weight and Dubowitz score (postnatal criteria) of both 
groups were not different although there was a differ- 
ence of 1.8 weeks’ mean gestational age at delivery 
(obstetr.c criteria) between drug and placebo groups. 
Thus, tvo of three parameters of fetal maturity did in 
fact indicate comparability between the two groups. 

A thid major objection of Dr. Perkins is the ques- 
tion of perinatal mortality. We deliberately listed all 
stillkarths and neonatal deaths (Table V} and did not 
“correct” the data for malformations and other causes 
of periratal mortality. This decision was made because 
we felt -hat “correcting” for certain causes of perinatal 
mor-aliry could in fact introduce inaccuracies caused by 
the correction itself. How do we, or any other inves- 
tigators know for certain what the overall effects of 
betamethasone are on perinatal mortality? In fact, as 
pointed out in the discussion, it is quite possible or 
probable that deaths caused by intraventricular hemor- 
rhage and extreme prematurity may be reduced by be- 
tamethzsone therapy. How does anyone know what ef- 
fect betamethasone has in utero and, therefore, how 
can one exclude stillbirths from the calculations of 
perinatal mortality? The concept of an unavoidable 
stillbirth or neonatal death is really acceptable only in a 
minority of situations in modern perinatal medicine. 
Thus, al cases were left in for analysis. The result was a 
statistically significant difference (p < 0.01) in perina- 
tal morzality between drug (5/81, 6%) and control (14/ 
63, 22%) groups. 

Ir. his third paragraph, Dr. Perkins goes further in 
his correction process by removing stillbirths and neo- 
nates considered “previable” from both groups in his 
calculation of “corrected” neonatal mortality. We had 
already removed the stillbirths when we calculated 
neonatel mortality. Even if we subtract from the 
neonate! deaths the miscellaneous patients suggested 
by Err. Perkins (three babies in the treated group dying 
from nanrespiratory causes and five in the placebo 
group who were previable by weight and/or gestational 
age), the comparison becomes 1/77 in the drug group 
and 6/55 in the placebo group, the difference being 
significant (p < 0.05). Our neonatal mortality was 
4/80 or 5% in the drug group and 11/60 or 18% 
in tne placebo group, which is statistically different 
(p < 0.95). As far as we can tell, Dr. Perkins’ calcula- 
tions fcr neonatal mortality without “corrections” are 
based cn subtracting stillbirths twice. 

' Since we recorded the crude data, the readers includ- 
ing Dr. Perkins are at liberty to draw their own conclu- 
sions besed on their own interpretations, provided the 
facts are correctly interpreted. We believe our interpre- 
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tation is valid though not necessarily exclusive. Finally, 
Dr. Perkins’ comments about “fruit cocktails, etc.” are, 
we feel, inappropriate in the criticism of a scientific 
paper. . 

l T. A. Doran, M.D. 
Prenatal Diagnosis Unit 
Room 135, 6-N.U.W. 
101 College Street 
Toronto, Ontario, Canada M5G IL7 


incidence of ectopic pregnancy in Texas—1979 
To the Editors: 

The frequency of ectopic pregnancy is usually ex- 
pressed as a ratio of the total number. of ectopic preg- 
nancies to the total number of live births. A survey 
of Texas hospitals was conducted to determine the 
statewide incidence of ectopic pregnancy in 1979. 

A total of 237 hospitals were contacted by ques- 
tionnaire, and 153 (65%) responded. These hospitals 
reported a total of 1,066 ectopic pregnancies and a 
total of 115,744 live births during 1979. The incidence 
of ectopic pregnancy was 1: 109 live births. 
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From 1944 to 1959, the incidence of ectopic preg- 
nancies at Parkland Memorial Hospital (Dallas, Texas) 
was: 1:123 deliveries.! More recently McBride and 
Wait? reported one ectopic pregnancy per 250 live 
births over a 6-year period in Houston, Texas. They 
attributed the low incidence to their large obstetric 
service and a relatively small gynecologic service. Both 
studies concerned several years’ experience at one in- 
stitution. l 

It is sometimes suggested that the frequency of ec- 
topic pregnancy is changing. This survey provides one 
additional statistic. Further annual data should docu- 
ment any trends. 

Jack H. McCubiin, M.D. 
Collom & Carney Clinic Association . 
P. O. Box 1409 
Texarkana, Texas 75504 
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Fourth Annual Mid-Winter Symposium in 
Obstetrics and Gynecology 


The Fourth Annual Mid-Winter Symposium in 
Obstetrics and Gynecology will be held February 25-27, 
1981, at the Scottsdale Hilton Hotel, Scottsdale, 
Arizona. It is cosponsored by the Phoenix Obstetrics 
and Gynecology Society and the Department of 
Obstetrics and Gynecology, Maricopa County General 
Hospital. 

For information contact: The Secretary, Phoenix 
OB/GYN Society, 333 E. Virginia, Suite 222, Phoenix, 
Arizona 85004. 


Hospital Epidemiology 

Hospital Epidemiology, a regional program for phy- 
sicians, will be held at the Hotel Intercontinental, 
Miami, Florida, January 8-9, 1981. This 2-day program 
will acquaint hospital epidemiologists, infection control 
committee chairmen, and other interested physicians 
with principles and practical aspects of running an in- 
fection control program. It will be presented by the 
APIC and APIC Dade Co. Chapter. 

For further information and registration contact: 
Association for Practitioners in Infection Control, Rt. 
2/359 Milwaukee Ave., Half Day, Illinois 60069. 


Annual Meeting of the Society of Perinatal 
Obstetricians 


The Annual Meeting of the Society of Perinatal Ob- 
stetricians will be held January 22-25, 1981, at the Hil- 
ton Palacio Del Rio, San Antonio, Texas. Submission of 
abstracts: Robert Sokol, M.D., Perinatal Clinical Re- 
search Center, Cleveland Metro. General Hospital, 
3395 Scranton Road., Cleveland, Ohio 44109. Regis- 
tration information: Donald M. Sherline, M.D., Presi- 
dent, Society of Perinatal Obstetricians, 2650 Crabtree 
Lane, Northbrook, Illinois 60062. 


Second International S. B. Gusberg Symposium 

on Reproductive Immunology 

The Second International S. B. Gusberg Symposium 
on Reproductive Immunology will take place at The 
Mount Sinai Medical Center in New York, New York, 
on June 18 and 19, 1981, sponsored by the Department 
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of Obstetrics and Gynecology and the Page and 
Wiliam Black Post-Graduate School of Medicine and 
the American Society for the Immunology of Repro- 
duction. 

Repcerts on current clinical and basic investigations in 
any of the four subdivisions of reproductive immunol- 
ogy (developmental immunology, pregnancy immu- 
nology, fertility immunology, and reproductive tumor 
immunology) are invited for submission in abstract 
forrn on two double-spaced pages no later than Feb- 
ruary 28, 1981. Four copies of the abstracts should be 
submitted to: Norbert Gleicher, M.D., Program Direc- 
tor, Second International S. B. Gusberg Symposium, 
Department oz Obstetrics and Gynecology, The Mount 
Sinai Medical Center, One Gustave L. Levy Place, New 
York, New York 10029. 


Specialty Review in Obstetrics and Gynecology 


A Specialty Review in Obstetrics and Gynecology will 
be held March 30-April 4, 1981 (5% days). It is spon- 
sored by The Cook County Graduate School of 
Mecicine. Course Coordinator is M. LeRoy Sprang, 
M.D. A.M.A. Category I Credit: 44 hours. 

For further information and registration contact: 
707 South Wood St., Chicago, Illinois 60612. 


Second International Congress of Andrology 


Tae Second International Congress of Andrology 
will be held in Tel Aviv, Israel, June 28-30, 1981. 

For information contact: Medical Congress Coor- 
dinators, 1212 Avenue of the Americas, New York, 
New York 10036. 


Fiith World Congress of Sexology 


The Fifth World Congress of Sexology wil! be held in 
Jerusalem, Israel, June 21-26, 1981. 

Fcr scientific information contact: Zwi Hoch, M.D., 
Center for Sexual Counseling, Therapy and Educa- 
tion, Department of Obstetrics and Gynecology—“A,” 
Rambam Medical Center, Haifa, Israel. For travel and 
scientific information and for registration contact: 
Medical Congress Coordinators, 1212 Avenue of the 
Americas, New York, New York 10036. 


843 


844 Items - 


Sixth International Congress of Human Genetics 


_ The Sixth International Congress of Human Genet- 
ics will be held in Jerusalem, Israel, September 13-18, 
1981. 

For information contact: Medical Congress Coor- 
dinators, 1212 Avenue of the Americas, New York, 
New York 10036. 


Oral examination of American Registry of 
Diagnostic Medical Sonographers 


The American Registry of Diagnostic Medical 
Sonographers will administer its oral examination in 
obstetrics and gynecology on April 4 and 5, 1981. Only 
those who passed the written examination are qualified 
for the oral examination. 

Detailed information can be obtained from: Ameri- 
can Registry of Diagnostic Medical Sonographers, 2810 
Burnet Ave., Suite N2, Cincinnati, Ohio 45219. 


Molecular interrelations of Nutrition and Cancer 


“Molecular Interrelations of Nutrition and Cancer,” 
sponsored by The University of Texas M. D. Anderson 
Hospital and Tumor Institute, is the topic of the 
Thirty-fourth Annual Symposium on Fundamental 
Cancer Research to be held in Houston, Texas, at the 
Shamrock Hilton Hotel, March 4-6, 1981. 

For additional information contact: Stephen C. 
Stuyck, Director, Public Information and Education, 
M. D. Anderson Hospital and Tumor Institute, Hous- 
ton, Texas 77030. 


Sixteenth Annual San Francisco Cancer 

Symposium 

The Sixteenth Annual San Francisco Cancer Sym- 
posium, “Childhood Cancer: Triumph Over Tragedy,” 
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will be presented March 13-14, 1981, at the Hyatt Re- 
gency, San Francisco, California. It is sponsored by the 
West Coast Cancer Foundation tn association with The’ 
California Division of the American Cancer Society. 

For further information contact: West Coast Cancer 
Foundation, 50 Francisco St., Suite 200, San Francisco, 
California 94133. 


Medical meetings—1981 


l. Pan-American Conference on Fertility anc Steril- 
ity, February 12-20, 1981, Mullet Bay, St. Maarten, 
N.A. 

2. American College of Osteopathic Obstetricians 
and Gynecologists, February 14-21, 1981, Puerto Val- 
larta, Mexico 

3. The First International Convention on Medico- 
Legal Aspects of Disability, February 15-19, 1981, Tel 
Aviv, Israel 

4. Third World Congress of Human Be peer acon: 
March 22-26, 1981, Berlin, West Germany 

5. The Fifth World Congress of Sexology, June 
21-26, 1981, Jerusalem, Israel 

6. Second International Congress of Ancrology, 
June 28-30, 1981, Tel Aviv, Israel | 

7. Second International Dermatopathology Sym- 
posium, July 12-15, 1981, London, England 

8. The Sixth International Congress of Human Ge- 
netics, September 13-18, 1981, Jerusalem, Israel 


For a brochure please write or call: Medical Congress 
Coordinators, 1212 Avenue of the Americas, New 
York, New York 10036. Telephone: (212) 840-0110. 





Prepaid medical group practice, 
established 1976. 
Two suburban care centers, each 
with 3 or 
4 BC/BE OBG's. 

New comprehensive facilities. 
Well-staffed for clinical 
support, including Nurse 
Practitioners and hospital 
residents. Attractive salary 
structure and liberal fringes. 
Starting salary based 
on experience. 
Recruitment and relocation 
expenses covered. 
Unusually livable city. 
Send CV or call: 
Michael R. Soper, M.D. 
Medical Director 
6801 E. 117th Street 
Kansas City, Missouri 64134. 


OBSTETRICIAN 
GYNECOLOGIST 


(Board Eligible/ Certified) 










sought to augment young, 
expanding medical 
community located in 







White Mountains. 
College town. Immediate 
opportunities due to recent 
physician retirements. 









Inquiries to: 
Ray R. Peters, M.D. 
19 Avery Street 
Plymouth, N.H. 03264 


Tel. (603) 536-3700 




























LSE DETECTION 


Detects fetal life early in pregancy (9-12 weeks) e Confirms fetal life throughout preg- 
» Nancy @ Assesses rate and rhythm of the fetal heart during labor # Pocket size: 
smail, light and durable e Stethoscope style headset for privacy and isolation from E 
background noise @ Jack for second headset permits patient or colleague to listen 
e Operates at an ultrasound frequency of 2.25 MHz @ Powered by a longe œO) 
life, replaceable battery è Two simple controls: on-off switch and volume. 


NEW POCKET SPEAKER 
| MODEL SA2 


| Compact, battery-powered loudspeaker is a conve- 
| nient alternative to the stethoscope headset. 


TRIAL WITHOUT ! wish to order the 


Model FP3A ULTRA- 
OBLIGATION SOUND STETHOSCOPE and/or the Model 


- a SAZ Speaker. | understand that | may return the units for full credit 
F within two weeks after receipt if not fully satisfied. 











a C] SEND INFORMATION ‘a BILL ME G CHECK ENCLOSED =~ 


PRICES | 
NAME Model FP3A:Inciudes headset, _ 
case, battery, coupling gel and 

instructions, $450.00 
ADDRESS Model SH3A: Extra headset. 
$42.50 

Model SA?: Pocket Speaker, 
CITY STATE ZIP $85.00 











P.O. BOX M (340 PIONEER WAY) TOLL-FREE TELEPHONE: 800 227-8076 
MOUNTAIN VIEW, CA 94042 IN CALIFORNIA, CALL COLLECT: (415) 965.3333 
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Pelvic inflammatory disease, 1980 


RONALD K. ST. JOHN, M.D. 
STUART T. BROWN, M.D. 
CARL W. TYLER, Jr., M.D. 
Atlanta, Georgia 


MosT PHYSICIANS use the term “pelvic inflammatory 
disease” (PID) to describe a wide variety of acute and 
chronic conditions resulting from ascending, traumatic, 
and surgical infections. Because practitioners and in- 
vestigators diagnose disease using variable clinical 
criteria, studies are sometimes contradictory and con- 
fusing. This situation is improving. PID is now used 
more often to refer to diseases caused by acute, ascend- 
ing genital tract infection. Researchers’ in Sweden have 
developed objective case criteria using laparoscopy. 
Newer studies applying these criteria to identify cases 
are resolving some past discrepancies. 

PID traditionally has been associated with gonococcal 
infection. Researchers investigating the microbiologic 
agents associated with PID now use improved tech- 
niques; in addition, they increasingly obtain specimens 
directly from the fallopian tubes and the pelvic cavity. 
These modern approaches emphasize the complex mi- 
crobiology of PID, which now includes Chlamydia, 
anaerobes, and perhaps other agents in addition to the 
gonococcus. 

Women with acute PID are seen commonly in busy 
hospital emergency rooms and gynecologic practices, 


From the Venereal Disease Control and Family Planning 
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but physicians often dismiss their illness as a nuisance 
ratrer than a serious problem. Yet Rendtorff and as- 
sociates* demonstrate the staggering economic conse- 
queaces of this preventable condition. In addition, new 
information confirms the importance of PID to the 
hea.th and welfare of women. Other efforts to improve 
the aealth and economic status of women also contrib- 
ute to recognition of the importance of PID and the 
need to improve control measures. 

Te world’s leading researchers in PID and related 
topics met on April 1 through 3, 1980, to review many 
face:s of this disease from their various perspectives. 
Ove- 500 distinguished scientists, clinicians, epidemi- 
ologsts, microbiologists, and public health adminis- 
tratcrs from 52 countries participated in the first In- 
ternational Symposium on Pelvic Inflammatory Disease 
at the Center for Disease Control, Atlanta, Georgia. In 
this supplement to the AMERICAN JOURNAL OF OBSTET- 
RICS AND GYNECOLOGY, we present the papers of the 
Symposium to share some of the information ex- 
changed by participants. 


Ccnsequences 


In recent years, the focus in sexually transmitted dis- 
eases (STDs) has shifted from their incidence to their 
consequences. In this issue, Curran makes an estimate 
of the staggering economic costs of PID in the United 
Statez. In addition to these consequences, we should 
not understate the social effects of PID. PID causes 
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recurrent pelvic infection, chronic pelvic pain, and in- 
fertility; family integrity is jeopardized; and individuals 
are unable to fill social roles. These social consequences 
are most serious because PID frequently occurs among 
women less than 25 years of age. 


Risk factors 


Meeting participants agreed that the relative risk of 
developing PID increases among women who use in- 
trauterine devices (IU Ds). Three separate reports doc- 
ument a decreasing risk of PID for oral contraceptive 
users even after correction of various other risk factors. 
Senanayake and Kramer urge health planners to use 
this information to establish programs that assist pa- 
tients in selecting contraception with the least risk and 
the maximum benefit. 

The Women’s Health Study examines ectopic preg- 
nancy and contraceptive use.* Overall, women who have 
used an IUD are at the same risk for ectopic pregnancy 
as those who have never used an IUD. Furthermore, 
current use of any form of contraceptive, including the 
IUD, decreases the risk for ectopic pregnancy. Among 
current contraceptive users, IUD users are at three 
times the risk for ectopic pregnancy compared with 
users of oral contraceptives and are at about the same 
risk as users of traditional contraceptives. Ory and as- 
sociates® suggest that the IUD is net responsible for any 
part of the recent tripling of ectopic pregnancies in the 
United States. 

Sinnathuray and associates, Kochar, and Begum, 
from three centers in Asia, report that illegally induced 
abortions are among the most common causes of hos- 
pitalization for pelvic infections. In striking contrast, 
Rushwan from the Sudan suggests that neither abor- 
tions nor STDs are common causes of PID; in that 
country, PID is associated most frequently with female 
circumcision. No specific report compared delivery 
practices and postpartum sepsis or PID. However, 
many participants feel that home delivery under less 
than optimal conditions is an important contributor to 
PID in many countries and that this subject warrants 
further attention. 


Epidemiology 

Westrom reviews the information documenting the 
increasing incidence of PID, the increased risk for 
younger women, and the increased risk of PID for JUD 
users. In addition, he forecasts the risk of ectopic preg- 
nancies and post-PID infertility. Westrom obtained his 
data from developed countries: papers by Muir and 
Belsey and Arya and colleagues emphasize that infer- 
tility problems associated with PID may be even more 
severe in developing countries. Although sexually 
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transmitted agents are important causes of PID in de- 
veloping countries, other infectious agents, e.g., tuber- 
culosis, schistosomiasis, and filariasis, are important 
causes also. Holmes and colleagues hypothesize that 
the widely divergent views of PID epidemiology are 
caused at least partially by true differences in etiologic 


and epidemiologic factors in different populations. 


Analysis of hospitalizations for PID in the United 
States by Jones and associates emphasizes the impor- 
tance of this problem and supports the hypothesis that 
PID is sexually transmitted. O’Hare and co-authors 
emphasize that hospital emergency rooms are a pri- 
mary center for diagnosis, treatment, and management 
of PID and must de an integral part of control efforts 
in the United States. Adler analyzes the reporting sys- 
tems for PID cases in England and Wales and indicates 
improvements in data collection which will increase our 
understanding of disease epidemiology. 


Microbiology 


Different interpretations of the microbiologic causes 
of PID generate heated controversy. In the past few 
years, better microbiologic techniques, increased use of 
specimens collected directly from pelvic organs, and 
new developments in serologic tests have increased un- 
derstanding of this area. Mardh extensively reviews 
epidemiologic, c-inical, microbiologic, serologic, and 
animal model studies, explains some of the contro- 
versy, and firmly establishes the important roles of 
Neisseria gonorrhoeae, Chlamydia trachomatis, Mycoplasma 
hominis, and anaerobic organisms in the pathology of 
PID. Groups led by Sweet, Ripa, Paavonen, Ratnam, 
and Perine document the importance of different mi- 
crobiologic agenis in patients with PID studied in dif- 
ferent centers. l 

Recent observations on the basic pathophysiology of 
PID and details of organism-tissue interactions are pre- 
sented by groups of authors headed by Gregg, Sweet, 
Draper, Chow, and Møller. These investigators report 
several in vitro and in vivo models used to study infect- 
ing agents, routes of infection, and tissue responses. 
Finally, Buchanan and colleagues state that serotype- 
specific immunity to recurrent gonococcal PID may re- 
sult from a prior gonococcal PID infection; the authors 
hypothesize that a vaccine could be developed to pro- 
tect against this complication. 


Clinical spectrum 


The clinical symptoms and signs of PID are highly 
variable, and the difficulties in making an accurate dif- 
ferential diagnosis are well known. Jacobson, in his re- 
view of diagnostic problems, evaluates the accuracy of 
available diagnostic tests and suggests that laparoscopy 
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is essential for accurate diagnosis of PID. Ledger, how- 
ever, considers the difficulties posed by widespread use 
of laparoscopy and advocates selective use to improve 
diagnostic certainty, evaluate the impact of therapy on 
prognosis, and improve current microb:ologic knowl- 
edge. Cooperman and Ruiz describe PID cases in a 
major metropolitan hospital in the United States; 
nearly half their patients had a pelvic mass or 
peritonitis. Svensson and associates describe clinical ob- 
servations of genital chlamydia infections. Clinical syn- 
dromes newly associated with C. trachomatis infection 
include “silent PID” among infertile women reported 
by Henry-Suchet and co-workers; intrapartum and late 
postpartum fevers described by Wager and colleagues; 
and the Fitz-Hugh—Curtis perthepatitis syndrome as 
detailed by Wang and co-authors. Finally, Hagenfeldt 
and Szanto suggest that sacroiliitis frequently follows 
acute severe PID. 


Treatment 


Diagnostic difficulties and the variety of microorgan- 
isms which cause PID pose serious problems for inves- 
tigators studying antimicrobial treatment. In her re- 
view of treatment of pelvic infections, Rees stresses the 
need for accurate microbiologic diagnosis as the basis 
for proper selection of antimicrobial agents. Further- 
more, she reports that some cases of nongonococcal 
PID are prevented by using tetracycline to treat un- 
complicated gonococcal infections in women. The need 
for carefully designed therapeutic studies remains. Bell 
and James present a theoretical model that assesses the 
potential of several hundred antibiotic combinations. 
This approach provides a rational basis for selecting 
regimens for study. Ginsburg and his co-authors re- 
view the course of patients treated for tubo-ovarian 
abscesses and find that current therapies are unsatistac- 
tory. Duncan and her group share their experiences in 
the treatment of puerperal sepsis and PID in Ethiopia. 
In developing countries therapy is more difficult be- 
cause abscesses and sepsis are more common. 


Prevention and contro! 


Meheus provides a framework for considering the 
problems of PID prevention and control. His discus- 
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sion of primary, secondary, and tertiary prevention of 
PID and its sequelae provides a logical beginning for 
the design and implementation of STD control policies. 
Rzjan, de la Torre, Werthein and colleagues, Nsanze, 
and Osoba from the Far East, South America, Cuba, 
ani Africa, respectively, describe the many problems 
that must be surmounted to initiate PID prevention 
ani contrcl. Brown and Wiesner describe the evolution 
in zhe United States of the gonorrhea control program 
int? a gonococcal PID prevention program and they 
suggest that these efforts will lead eventually to control 
efforts for chlamydial PID. Meheus warns that current 
gororrhea prevention and control strategies are yet to 
be demonstrated as effective for control of C. tracho- 
mars infections. 

Both Potterat and associates and Curran and co- 
workers reemphasize that male sexual consorts of 
women with gonococcal PID frequently are asymp- 
tomatic. These authors suggest that such men may be 
important in gonorrhea transmission and may reinfect 
the.r sexual partners, causing recurrent PID. Cooper- 
ative efforts between public health departments and 
hospital emergency rooms are feasible and should re- 
duce the consequences of this illness. 

Finally, Spence and his co-authors describe the clini- 
cal services necessary to ensure adequate diagnosis and 
follow-up ir: PID patients and to train professional per- 
sonnel. 

We now recognize the importance of this disease for 
women and saciety. New investigators have begun im- 
porrant studies; governments have committed addi- 
tional resources for prevention and control. Yet indi- 
vidal clinicians in STD clinics, family practices, and 
specialties such as obstetrics-gynecology and emer- 
gency medicine must play the major role in preventing 
PID and limiting its consequences. To prevent PID 
they must identify, examine, and treat both the female 
partners of men with STD and women at high risk of 
having an STD. To prevent the consequences of PID, 
they must diagnose the condition promptly and accu- 
rately, begin effective treatment immediately, counsel 
all patients regarding the nature and importance of 


- thetrillness, and ensure the examination and treatment 


of male sexual partners. 
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Economic consequences of pelvic inflammatory 


disease in the United States 


JAMES W. CURRAN, M.D., M.P.H. 
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Pelvic inflammatory disease is the most common serious complication of sexually transmitted 
infections caused by Neisseria gonorrhoeae and Chlamydia trachomatis. Initial episodes of sexually 
transmitted acute PID occur most frequently in the 20 to 24 year age group, while sequelae such as 
infertility, ectopic pregnancy, and chronic PID are most common among 25- to 24-year-old women. 
The apparent chronicity of the disease process suggests that the epidemic of sexually transmitted 
disease, which began in the mid-1960s, could be followed by an epidemic of PID and its sequelae. 
More than 850,000 episodes of PID occur annually, requiring more than 212,00) hospital 
admissions, 115,000 surgical procedures, and 2,500,000 physician visits. Ectop c pregnancies in the 
United States tripled from 1967 to 1977. Direct and indirect costs for PID and PiD-associated 
ectopic pregnancy exceeded $1.25 billion in 197¢. If PID and ectopic pregnancy rates continue 
unabated, by the year 2000 there will have been more than one episode of PID and three related 
physician visits for every two women who reached reproductive age in 1970. Fifteen percent will 
require hospitalization, more ihan 3% will experience an ectopic pregnancy, and more than 10% will 
involuntarily become sterile because of PID. (AM. J. OBSTET. GYNECOL. 138:843, 1980.) 


PELVIC INFLAMMATORY DISEASE in women. is 
the most common serious complication of infections 
caused by the sexually transmitted pathogens Neisseria 
gonorrhoeae and Chlamydia trachomatis. Although these 
organisms are not isolated from all women with PID, 
the syndrome is rare in women who are not sexually 
active. > ? The gynecologic history in many women with 
PID suggests a chronic disease process. The initial 
episodes of acute PID occur most commonly in single 
young women in the age group at highest risk of con- 
tracting gonorrhea and other sexually transmitted dis- 
eases (STDs).°-" With few exceptions, symptoms in 
these patients disappear quickly after antibiotic ther- 
apy. Recurrent or relapsing PID is common, but sexu- 
ally transmitted organisms are isolated less frequently 
during these recurrent episodes.® ° The majority of 
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hospital admissions and surgical procedures for PID 
occur among married women in the 25 to 34 year age 
group.” '° PID caused by sexually transmitted patho- 
gens results in infertility in more than 20% o7 cases? 
and the risk of ectopic pregnancy increases six- to ten- 
fold after PID.* !! Hospitalizations for infertility and 
ectopic pregnancy also are most common among mar- 
ried women aged 25 to 34 years. 8 

From 1965 to 1975, the number and rate of reported 
cases of gonorrhea tripled; since 1975, reported cases 
have leveled off at one million per year. Surveys indi- 
cate that nongenococcal urethritis in men and, pre- 
sumably, genital chlamydial infections in women also 
were increasing rapidly during this period.” 

If we assume that the STD epidemic, which began in 
the mid-1960s, was accompanied by an increased inci- 
dence of PID, then the proportion of women in the 
“post-PID” state will be increasing in the population. 
With time and later attempts at childbearing, the 
chronic sequelae of PID, such as recurrent infection, 
infertility, and ectopic pregnancy, will be recognized. 
In this article, I will discuss the latest available data on 


~ 
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the occurrence of these disorders and estimate the costs 
of PID in the United States for 1979. 


involuntary infertility 


No accurate information on the extent of STD or 
PID-associated infertility exists. The National Surveys 
of Family Growth examined fertility impairment and 
contraceptive status among married and previously 
married women aged 15 to 44 years in 1973 and again 
in 1976." Among these married or previously mar- 
ried women, there was a 45% annua! increase (Le., an 
increase of 122,000 couples per year) in the estimate of 
nonsurgical sterility between the two surveys. Although 
differences in survey methodology or better diagnosis 
of infertility may explain the change, the occurrence is 
compatible with an epidemic of STD-associated PID. In 
the 1976 survey, 34% of “noncontracepting” married 
or previously married women classified themselves as 
“noncontraceptvely” sterile,’ '® about 15% of these 
for nonsurgical reasons. 


PID occurrence 


The occurrence of PID has recently been estimated. 
From the Hospital Discharge Survey conductec be- 
tween 1970 and 1975, there was an estimated annual 
average of 212, 611 hospital-discharged patients with 
diagnoses of PID or salpingitis.” 1° PID or salpingitis 
was the primary diagnosis in approximately 65% of 
cases. An’additional 15% of patients had primary diag- 
noses probably related to PID, such as “infertility” or 
“peritonitis”; in fewer than 4% of the cases PID was 
clearly an incidental diagnosis. An annual average of 
115,350 surgical procedures were performed in pa- 
tients with PID and hospital days totaled 1,594,000 an- 
nually. An average of 897 of these hospitalized women 
died each year. 

Data on outpatient visits for PID from 1961 to 1977 
have been reported by St. John and associates.'* From 
1961 to 1974, estimates were made from data sup- 
plied by the National Disease and Therapeutic Index 
(NDTI) probability sample of office-based physicians, 
and from 1973 to 1977, data from the National Ambu- 


latory Medical Care Survey (NAMCS) were used for. 


estimation.’® The earlier NDTI data suggest a marked 
increase in PID outpatient visits from 1970 to 1973. 
Though the authors caution that NDTI and NAMCS 
data are not directly comparable, they suggest that vis- 
its to office-based physicians for PID may have declined 
between 1973 and 1974, in part as a result of intense 
gonorrhea screening activities initiated at that time. For 
purposes of cost estimates I have used the more recent 
NAMCS data. , | 

The NAMCS data indicate that women with PID an- 
nually averaged nearly 1.9 million outpatient visits to 
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Table I, Incidence of ectopic pregnancy in the 
United States,!' 2° 1967 to 1977 


Ectopic % Change from 
Yr pregnancies previous year Rate* 


1967 13,200 = NA 
1963 18,700 +4] NA 
1969 NAt = NA 
1970 17,900 -02 NA 
1971 19,300 | +08 4.77 
1972 24,500 +27 6.37 
1973 25,800 +05 6.87 
1974 26,800 +04 6.83 
1973 30.800 +15 7.70 
1975 34,600 +12 8.32 
1977 41,100 +19 9.35 


*Number of ectopic pregnancies per 1,000 live births, plus 
legal abortions. 


tNot available. 


office-based private physicians between 1973 and 1976. 
Visits xo office-based private physicians account for 
three quarter's of visits to physicians annually; poor, 
young black women are more likely than others to seek 
care from outpatient clinics and hospital emergency 
rooms rather than from private physicians. ° Sex- and 
race-specific extrapolations for attendance at these fa- 
cilities would indicate that an additional 680,000 phy- 
sician visits for PID occur annually in clinics and emer- 
gency rooms." Thus, there was an annual average of 
2,572,000 outpatient physician visits for PID between 
1973 and 1976. If we assume that women with PID 
averaged three visits per episode, 857,000 episodes of 
PID occurred annually between 1973 and 1976. 


Ectopic pregnancy 


Ectopic pregnancies tripled in number from 1967 to 
19771! 20 (Table I). The annual increase is reminiscent 
of the annual rise in reported gonorrhea during the 
late 1950s and early 1970s. In 1977, ruptured ectopic 
pregnancy accounted for 12% of maternal deaths and 
was the leading cause cf maternal death among non- 
white women in the United States.” Studies implicate 
existing PID as the cause of approximately half of ec- 
topic pregnancies”*-**, therefore, in estimating costs I 
attributed 59% of the morbidity and deaths from ec- 
topic pregnancy to PID. To the extent the recent in- 
creased incidence is secondary to PID, this represents 
an underestimate. 


Economic costs of PID 


To estimate the economic costs of PID, the inci- 
dences of PID and ectopic pregnancy in 1979 are as- 
sumed to be the same as in the most recent aforemen- 
tioned data. Klarman*: ** divides costs into direct, indi- 
rect, and intangible. Direct costs are those associated 
with spending for health services. Indirect costs refer 
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Table II. PID and associated ectopic pregnancy in 
the United States—direct costs, 1979 


PID 
Hospital admissions $398,650,000 
Surgical procedures ' $6,512,500 
Outpatient expenses 128,650,000 
Other direct costs 30,690,600 
Subtotal $644,503,100 


Ectopic pregnancy (50% of total) 


Hospital admissions $ 35,448,750 


Surgical procedures 15,412,500 
Outpatient expenses 1,027,500 
Other direct costs 2,594,400 
Subtotal $54,483,150 
Infertility caused by PID (Not estimated) 
Total direct costs 


$698,986,250 — 


to output lost due to disease and to losses from prema- 
ture death. Since incomes for women are generally 
lower than those for men and since women are less 


likely to be employed, diseases affecting women, such: 


as PID, tend to be relatively undervalued. In the fu- 
ture, as the number of women working’increases so will 
the indirect costs for diseases primarily affecting 
women increase. To partially offset this present under- 
valuation, many economists favor placing a value on 
housewives’ services.2"*8 We computed output lost by 
women of. various age groups by adapting. the ‘ap- 
proach suggested by Cooper and Rice.” We computed 
daily earnings for women, taking into account the per- 
cent of the work force employed and adapting a mar- 
ket value for housewives’ services. For computation 
purposes, work losses caused by PID and ectopic preg- 
nancy were distributed in the 20 to 34 year age groups. 
Thirty days of lost output were assumed for hespi- 
talized women and 10 days per episode. for outpatients. 

Mäny precedents exist in health economics regard- 
ing the valuation of life lost. We estimated economic 
losses from premature death from the 1972 sex- 
adjusted table of Cooper and Rice. 38 The underesti- 
mate from use of a 1972 table is partially offset by the 
low 4% discount rate. We calculated mortality losses for 
ectopic pregnancy from the 25 to 29 year age group, 
and for PID from the 25 to 34 year age group. 

We placed no dollar value on the intangible costs of 
PID such as ‘suffering, deprivation of parenthood, 
marital discord, and school absenteeism; therefore, the 
total is underestimated to that extent. Since extensive 
health resources are allocated for reconstructive iubal 
surgery and in vitro fertilization, the direct and indirect 
costs of PID-induced sterility are considerable. Unfor- 
tunately, the data on the incidence of PID-induced 
sterility and the extent of remedial operations neces- 
sary to estimate direct and indirect costs are unavailable. 

Estimates used for computing 1979 direct costs for 
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Table III. PID and associated ectopic pregnancy in 
the United States—indirect costs, 1979 


Output losses 


Inpatient PID $2 16,055,300 

Outpatient PID 218,459,600 

Ectopic pregnancy 20,882,900 
Subtotal 


$455,397,800 


Mortality losses 


Inpatient PID $ 99,394,400 


Ectopic pregnancy 2,544,200 
-~ Subtotal $101,938,600 
Total indirect costs $557 336,400 


hospitalization, gynecologic surgery, and outpatient 
visits were rounded off from the mast recent data 
available from the Health Care Financing Adminis- 
tration.”® * Daily hospitalization, including testing and 
medication, was tabulated at $250, while gynecologic 
surgery and anesthesiology charges were computed at 
9750. The cost of an outpatient visit for PID, including 
testing and medications, was tabulated at $50. Since 
incidental costs increased direct costs of PID by more 
than 5% in an earlier study in Memphis,” this amount 
was added herein as “other direct costs.” : 

In 1979, direct costs (Table II) of PID and associated 


ectopic pregnancy reached nearly $700 million and 


indirect costs more than $555 million (Table IH). Total 
costs for PID in 1979 are estimated at $1,256,322,600. 
Ruptured ectopic pregnancy invariably results in 
fetal death. Though placing an economic value on a 
fetal life is somewhat controversial, considerable grief 
and loss of human potential do result from ectopic 
abortion. In the absence of suitable precedents, f chose 
to compute fetal mortality losses as would be done for 
infants less than I year of age. ‘The losses from these 
20,500 fetal deaths from PID-associated ectopic preg- 
nancy result in an additional $1,461,000,000 in indirect 
costs of PID. If this fetal mortality estimate is included, 
total costs of PID for 1979 exceeded $2.7 billion. 


Discussion 

Annually, nearly ane million women in the United 
States suffer from PID and its sequelae. They account 
for more than 2.5 million physician visits, 250,000 
hospital admissions, and nearly 150,000 surgical pro- 
cedures. STD-associated PID often begins in young, 
single women; manifestations of recurrent disease, 
sterility, ectopic pregnancy, and major surgery occur 5 
to 10 years later. 

Between 1965 and 1975, gonorrhea infections in- 
creased dramatically in the United States. Although 
trend data on PID occurrence are not adequate to allow 
firm conclusions regarding similar increases in PID, the 
NDTI data suggest an increase in office-based- physi- 
cian visits beginning about 1970. Furthermore, ectopic 
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pregnancy, a known sequel to PID, steadily increased 
in incidence throughout the 1970s. What lies in store 
for the current generation of young women if the high 
rates of STD, PID, and ectopic pregnancy continue? By 
the year 2000, there will have been one episode of PID 
and three physician visits for PID for every two women 
who reached reproductive age in 1970. Fifteen percent 
of this group will have been hospitalized for PID, over 
half of these requiring major gynecologic surgery. If 
the current 20% risk of infertility after a PID episode 
continues, over 10% of these women will have been 
sterilized by PID alone, representing:a doubling of the 
current estimate of prevalence of nonsurgical sterility. 
Finally, 3% of this reproductive generation of women 
will experience an ectopic pregnancy. 
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The dramatic increase in use of contraception worldwide makes it imperative to understand the 
effects of contraceptives on the health of women using them. In this article, we -eview the literature 
on the relationships of modern nonsurgical contraception with pelvic inflammatory disease. 
Subsequently, we identify areas where further research is needed to better define the risks and 
benefits of these contraceptive methods in various settings. From our review, two new conclusions 
emerge. First, our reanalysis 37 published data on the risk of PID associated with intrauterine device 
(IUD) use compared with no contraceptive use shows, with one exception, less risk than the 
previous comparisons to all non-IUD use. Second, and probably most importantly, ‘the studies, when 
taken together, strongly imply that oral contraceptives have a protective effect egainst PID. Only one 
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Epidemiologic studies on the intrauterine 
device—PID relationship 


To date, there have been at least 16 publehed re- 
ports of controlled epidemiologic studies designed to 
illuminate the relationship between intrauterine device 
(IUD) use and acute PID, These studies were con- 
ducted by 14. different investigators in five different 
countries using several different study designs. In all of 
these studies, use of the IUD was found to carry an 
increased risk of PID when compared with nonuse of 
the IUD (Table 1). Ina previous review, Ory! found the 
best estimate of increased risk of PID for IUD users 
compared with ronusers to be three- to fivefold. Inclu- 
sion of studies published subsequent to that report and 
analyzed in a similar fashion has not altered that esti- 
mate. However, some of these studies have been per- 
formed and reported in such a way that we have been 


. able to reanalyze the data to evaluate the relative risk of 


PID with IUD use compared with non-IUD, non-oral 
contraceptive use. Unfortunately, many of the studies 
do not separate nonusers of contraceptives from users 
of barrier methods, and in these cases, we have been 
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obliged to include the barrier users in our contracep- 
tive nonuser group. However, by segregating the users 
of hormonal contraceptives in our reanalyses, we have 
eliminated their confounding effect. 

Studies headed by Wright,’ Lippes,* Weström,* Ves- 
sey,” Thaler,® Flesh,’ and Kaufman? all indicate a rela- 
tive risk of acute PID for IUD users compared with all 
others that is in or near the range of Ory’s estimate. 
One study by Phaosavasdi and associates? found a 
much higher relative risk; however, the study design 
actually examined the risk of both acute and’ past 
inflammation, and the addition may be sufficient to 
explain the difference. The published articles cited 
above do not provide data that can be analyzed to com- 
pare IUD users with nonusers of contraceptives. The 
studies which do provide these data are described in 
the text and in Table I. 

Noonan and Adams" studied the indigent popula- 
tion of Atlanta, Georgia, using a relatively nonspecific 
case definition for PID. From a systematic sample 
of family planning clinic patients, they chose 1,706 
women who were then screened for cervical gonorrhea 
and questioned for a history of PID symptoms. Women 
with IUDs had symptoms of PID 2.5 times as fre- 
quently as women not using any contracep-ion and 1.8 
times as frequently as women using all other methods 
of contraception combined. 

Targum and Wright"! studied first-episode acute 
PID in 50 low-income, black and Hispanic patients, 
mostly inpatients at a major New York medical cen- 
ter.!! Two sets of outpatient controls were chosen by 
matching for age, marital status, and interval since last 
pregnancy. In this study there was a relative risk of PID 
of 7.3 for IUD users compared with nonusers of contra- 
ceptives, and 9.3 compared with non-IUD users. The 
risk for IUD users in this study is the highest reported 
in any of the studies and probably is due in part to 
hospitalization bias, i.e., most patients with PID (80%) 
were hospitalized but none of the controls was hospi- 
talized. If IUD users with PID are hospitalized more 
often than non-IUD users with PID, or if IUD use is 
recorded more reliably for inpatients than for outoa- 
tients, the relative risk of IUD use would be elevated. 
Additionally, in this study there was a disproportionate 
number of users of the Majzlin spring, which was re- 
called by the United States Food and Drug Adminis- 
tration because of high rates of complications. 

Faulkner and Ory” reported a prospective case- 
control study done in Atlanta. To increase specificity in 
the diagnosis of PID they used an oral temperature of 
38° C as an extra objective criterion. Cases were strat- 
ihed into febrile and afebrile PID. Among the women 
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with cases of febrile PID, 38% were wearing IUDs; 
among women with afebrile PID, 24% were wearing 
IUDs; and among controls, 11%. The age-standardized 
relative risk of afebrile PID was 2.7, while the febrile 
PIC risk was 5.1 for IUD users compared with nonus- 
ers. In IUD users compared with nonusers of con- 
traceptves, the relative risk was 3.7 for febrile PID. 
Stratification by febrile or nonfebrile illness was the 
metod of handling possible bias occurring when phy- 
sicians were more likely to diagnose PID in women with 
vague abdominal pain and wearing IUDs. The results 
showec the association between PID and IUDs to be 
stronger with the addition of the temperature crite- 
rion, indicating that physician ascertainment bias did 
not occur. Controlling for frequency of sexual inter- 
course or number of sexual partners did not alter the 
relative risk. 

Eschenbach and colleagues’? analyzed 173 matched 
pairs of PID patients and controls in Seattle. Matching 
in this study was for age, race, marital status, presence 
or adsence cf gonococcal infection, parity (nulligravid 
or not), number of sexual partners, and number of 
previous abortions. By use of the ratio of discordant 
pair:, the authors calculated the relative risk for IUD 
users compared with nonusers of contraceptives to be 
4.0. For IUD users compared to non-IUD users, the 
relatve risk was 4.4. This study also addressed the risk 
of IJD use in nulligravid women and found an in- 
creased risk with an IUD in place. 

The Combined Bangkok Hospital Group and 
Wright examined 1,583 consecutive women under- 
going laparoscopic sterilization procedures. Of that 
group, 9.5% had evidence of previous PID. Women 
who had never practiced contraception had an 8.9% 
prevalence of past PID, while women who had used 
only the IUD had a 12.3% prevalence of past PID. 
Thus, in this series, the relative risk of PID for women 
using an IUD compared to women not using con- 
traceotion was 1.4. As pointed out by the authors, data 
from this study may be biased because of self-selection 
of the cohor: that was examined. Almost 90% of the 
women had used a contraceptive method at some time, 
while 71% were current users. These proportions dif- 
fered from those reported for married women under- 
45 years of age in Bangkok in 1973.5 Moreover, 
women undergoing sterilization procedures are differ- 
ent fom the general pepulation of women, perhaps 
being better educated or having better access to health 
care. Additionally, comparisons by method were made 
with continuous users of the method compared with 
nonusers of any method. 

Sinze the incidence of IUD-related PID decreases 
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Table I. Summary of epidemidlogic studies on the JUD-PID relationship 


RR-IUD vs. 
all other 
No. of contraception * 
Type of study subjects (95% CIF) 
Historical prospective 108 4.2 (not applicable) 
(Wright and 
Laemmle?) 
Prospective cohort 1,706 1.8 (1.5-2.1) 
(Noonan and Adams?°) 
Prospective case-control 150 G3 (4.2-20.9) 
(Targum and Wright") 
Retrospective case-control 129 1.9 (0.5-7.2) 
(Lippes*) 
Retrospective cohort 200 9.2 (3.7-22.5) 
(Phaosavasdi et al.?) 
Prospective case-control 250 = 5. 14 (2.5-10.5) 
(Faulkner and Ory**) 
Prospective case-control 1,256 2.9§ (2.1-4.0) 


(Westrom et al.*) 





2.5 (1.8-3.5) 


7.3 (2.9-18.4) 


3.7 (1.7-8.2) 


RR-IUD 


US. ne 


contraception* 
(95% ClIt) Comments 
Case ascertainment in defined popula- 
tion; method-specific denominator 
estimates 
Systematic sample of family planning 
clinic patients; nonspecific case defini- 
tion for PID 
Hospitalization bias: most patients 
hospitalized, all controls outpatients; 
excess use of Majzlin spring; first- 
episode acute PID only 
Small number of controls (38) limis 
strength of association 
Nonspecific definition of previous or 
current PID diagnosed visually at 
sterilization; 15% prevalence rate of 
PID in cohort; method of select.on of 
cohort not specified 
Strict criteria for PID increased risk of 
PID in IUD users 
Exclusion of many young nulliparous 
women in control group; elevated risk 
for nulliparous women at all age 
strata 


*Relative risks (RR) calculated by the method of Mantel and Haenszel*; 95% confidence intervals (CI) in parentheses calculated 


by method of Miettinen.” 


Confidence interval of 95% which does not include | indicates statistical significance for calculated relative risk. 


Standardized for age. 
§Standardized for age and parity. 


Comparison group includes only oral contraceptive and diaphragm users. 


{Calculated by ratio of discordant pairs. 
#Relative risk based on continuous use of only one method. 


**PID defined as edema and congestion or acute inflammatory infiltrate on histologic tissue examination of tubes. 


over time,'® and presumably alsc decreases when the 
IUD method is disconunued, the kind of stratification 
used in this study would tend to move the relative risk 
toward unity (in this case, to minimize it). 

Maqueo and colleagues!’ performed histologic exam- 
inations of fallopian tube tissue obtained during sterili- 
zation procedures on 225 women in Mexico. This 
cohort was chosen to include 75 normally cycling wom- 
en, 75 women 2 to 3 days post partum, and 75 asymp- 
tomatic women who had used a nonmedicated IUD for 
at least 1 year. The frequency of tubal changes includ- 
ing edema, congestion, and acute inflammatory infil- 
trate was 45% in IUD users and 35.6% for nonusers of 
contraceptives. The relative risk of having acute 
inflammatory changes for IUD users compared with 
nonusers of contraceptive is 1.5. Evaluation of the in- 
tensity of the acute inflammatory infiltrate showed 25% 
of the women with IUDs had marked inflammation, 
while only 4.5% of the nonusers of contraceptives had 
marked inflammation. Neither of these differences is 
statistically significant. However, in both physiologic 


parameters, the direction of the difference is the same 
as that in the other studies, i.e., the [UD carries a 
greater risk of inflammation and of more severe 
inflammation. Three factors in the design of this study 
may have contributed to the low relative risk and the 
lack of statistical significance in the results. Firs:, a very 
small number of subjects was studied, thus limiting the 
power of the statistical test. Second, all IUD users had 
had their IUDs in place for at least 1 year. Several 
studies'® !4 have shown decreasing overall PID rates 
with increasing duration of IUD use, so that excluding 
women who had used a device for less than 1 year 
would lower the risk relative to that shown in other 
studies without a similar exclusion. Third, zhe case 
definition for PID was nonspecific. 

In a 1979 study done by Ryden and colleagues’? in 
Sweden, a total of 87 women with laparoscopically 
confirmed PID and positive gonorrhea cultures were 
compared with 174 women with positive gonorrhea 
cultures but without PID. The control group was com- 
parable in age, marital status, and sexual activity to the 
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Table Į—conťd 


RR-IUD vs. 
all other 
No. of contraception * 
Type of study subjects (95% CIt) 
Prospective cohort 17,032 3.51 (2.1-6.1) 
(Vessey et al.5) 
Prospective case-control 346 4.44 (3.0-6.9) 


(Eschenbach et al.) 


Prospective case-control 202 2.3 (0.9-5.9) 
(Thaler et al.) 
Prospective case-control 345 2.2 (1.3-3.9) 


(Flesh et al.’) 


Prospective cohort (Com- 1,583 
bined Bangkok Hos- 
pital Group") 

Prospective case-control 225 
(Maqueo et al.’”) 


2.1# (1.3-3.3) 


Prospective case-control 261 
(Ryden et al.™) 


2.34 (1.2-4.6) 


Prospective case-control] ` 303 7.98 (3.7-16.9) 
(Kaufman et al.®) l 

Retrospective case-control 1,380 
(Osser et al.9) 


2.0§ (1.6-2.6) 


PID group. This is the only study for which the original 
publication showed a comparison between IUD users 
and nonusers of contraceptives; the relative risk that 
we calculated from the published data is 1.7. In this 
study, there is once again the problem of a small num- 
ber of subjects. Additionally, this study differs from the 
others in the fact that all women had positive goror- 
rhea cultures. Evidence for the possible effect of gon- 
orrhea on the relative risk for IUD users is conflicting 
and will be discussed later; however, the study still 
shows an increased risk of PID for IUD wearers. While 
this relative risk is not significantly different from that 
for nonusers of contraceptives, the lack of statistical 
significance does not invalidate the finding of an ele- 
vated risk. 

The most recent published study was a retrospective 
case-control study performed by Osser and colleagues" 
in Sweden. The cases included 690 women hospitalized 
for PID. over a 3 year period. The controls were 690 





4.09 (not available) 


1.4# (0.8-2.5) 


1.5** (0.8-2.8) 


1.74 (0.8-3.6) 


1.6 (1.2-2.1) 
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RR-IUD 


Us. no 


contraception* 


(95% Clt) 


Comments 


Nearly 97% follow-up; based on inpa- 
tient illness 

Extensive matching; outpatient inter- 
views; nulligravid women are at higher 
risk; IUD use associated more 
strongly with nongonococcal PID than 
with gonococcal PID 

Population from which controls drawn 
unspecified; first-event acute PID only 

Hospitalization bias: hospitalized pa- 
tients, Outpatient controls; cases not 
excluded because of surgical sterility 
or sexual inactivity, controls excluded 
resulting in conservative estimate of 
RR 

Examination of self-selected cohort 
undergoing laparoscopic sterilization 


Patients used IUD for at least 1 year; 
evidence of current inflammation of 
tubes by pathologic examination after 
sterilization in asymptomatic women 

Cases and controls from alphabetically 
arranged files of women with gonor- 
rhea; PID confirmed by laparoscopy; 
cervical gonorrhea more common in 
women with PID than women with 
uncomplicated gonorrhea 

Hospitalized women only; all controls 
used either IUD or oral contra- 
ceptives; first-episode acute PID only 

Cases hospitalized, outpatient controls; 
parity did not change RR; matched 
pair design without matched pair 
analysis 


risk for IUD use compared to no contraceptive use was 
1.6, the lowest statistically significant increase in risk 
shown in any of the studies. The low risk is particularly 
interesting in light of the hospitalization bias in this 
study which, as discussed earlier, should tend to in- 
crease the relative risk. However, a counterbalance to 
this was the nonuse of matched pair analysis, despite 
matched pairs in the study design. Although this does 
not change the direction of the relative risk, it does 
bring it closer to unity. 


Epidemiologic studies of the oral 
contraceptive—PID reiationship 


Eleven published studies include data on the relative 
risk of developing PID for oral contraceptive 
users,* 871- 18-2 and seven of these studies compare 
oral contraceptive use to nonuse of any contracep- 
tive, t% 1 18, I With one exception,'® these studies show 
a relative risk of PID of 0.3 to 0.9 for oral contraceptive, 
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even lower relative risks compared to users a j 
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nonhospitalized, sexually active women matched for 
age and chosen via a mailed questionnaire. The relative 
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Table II. Summary of epidemiologic studies on oral contraceptive (OC)~—PID relationship 


RR-OC ws. 
all other 
No. of contraception * 
Type of study subiects (95% CIĦ) 
Prospective cohort (Noonan 1,706 0.8 (0.7-1.0) 
and Adams?®) 
Prospective case-control 150 0.6 (0.3-1.3) 
(Targum and Wright!?) i 
Retrospective cohort 200 0.2 (0.1-0.5) 
(Phaosavasdi et al.?) 
Prospective case-control 250 0.4 (0.2-0.8) 
(Faulkner and Ory’) 
Prospective case-control 1256 0.2 (0.2-0.3) 
(Westrom et al.‘) 
Prospective case-control 346 °0.4¢ 
(Eschenbach et al. +) 
Prospective cohort (Royal 46.3277 0.5§ (not available) 


College of General Practi- 

tioners?’) 
Prospective cohort (Combined, 1,583 0.51] (0.3-0.7) 
Bangkok Hospital Group") 


Prospective case-control 261  0.51# (0.3-0.8) 
. (Ryden et al.'*) 

Prospective case-control 303 0.2#** (0.1-0.3) 
Kaufman et al.) 

Retrospective case-control 1,380 0.3 (0.3-0.4) 


(Osser et al.!?) 





RR-OC 
US. NO 
contraception* 
(95% CIt) Comments 

1.6 (1.1-2.3) See Table I 
0.9 (0.4-2.3) See Table I 
See Table | 
0.6 (0.2-1.3) See Table I 
See Table I 
0.34 (not available) See Table I 


Observations from 1,400 general 
practitioners; separate data for IUD 
users not available; no uniform 
diagnostic standard for PID 


0.61f (0.3-1.0) See Table I 
0.6l# (0.3-1.1) See Table I 

See Table I 
0.4 (0.3-0.5) See Table I 


*Relative risks (RR) calculated by the method of Mantel and Haenszel*; 95% confidence intervals (CI) in parentheses calcu- 


lated by method of Miettinen.** 


+ Confidence interval of 95% which does not include 1 indicates statistical significance for calculated relative risk. 


Calculated by ratio of discordant pairs. 
§Ratio of standardized rates, p < 0.05. 


Includes all hormonal contraception rather than only oral contraceptives. 


[Relative risk based on constant use of only one method. 
*Standardized for age. 
** Compared to IUD users only. 


methods of contraception. Most of these studies, in- 
cluding all those that compare oral contraceptive use to 


no contraceptive use, have beer discussed previously, 


herein, and their strengths and weaknesses have been 
pointed out. The following section discusses studies 
that are relevant to oral contraceptives and PID and 
that have not yet been reviewed, and also points out 
some further aspects of the study which differ in con- 
clusion from the others. 

The study by Phaosavasdi and colleagues? utilizes a 
retrospective cohort design on data obtained by chart 
review on a series of women who had undergone 
sterilization procedures. In this study, oral contracep- 
tives were grouped with other hormonal methods, and 
the relative risk of PID is 0.2 for users of the hormonal 
methods compared to users of ali other contraception. 
Compared to other studies, this relative risk is particu- 
larly low. The nonspecific case definition probably in- 
cludes cases of sterile inflammation ‘associated with 
IUD use.”! ? Thus, in this study there is an increased 


relative risk with IUD use and, by comparison, a con- 
sequent decrease in relative risk with hormonal con- 
traception. Additionally, the method of selecting the 
cohort is not clear, and there may be some selection 
bias. 

Westrom and colleagues’ reported a very large case- 
control study of PID in Sweden, using essentially all 
cases of PID occurring in a circumscribed geographic 
area between 1971 and 1975, for a total of 515 cases of 
laparoscopically diagnosed PID. From a systematic 
sampling of healthy women in the same area, 1,545 
women were selected as controls, 48% of whom 
eventually participated. A large proportion of those 
excluded were young nulliparous women. The relative 
risk for oral contraceptive use compared to all other 
contraceptive use was 0.2. This, again, is a very low 
relative risk. Although no data are available as yet on 
the possible confounding effects of age and parity on 
the risk of PID for oral contraceptive users, the exclu- 
sion of a large number of young nulliparous women 
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from the control group probably increased, by com- 
parison, the relative risk for IUD users and conse- 
quently decreased the risk for oral contraceptive users. 

The only study to address solely oral contraceptive 
use was performed by The Royal College of General 
Practitioners,2° U. K., which published an extensive 
volume on oral contraceptive use. Data were collected 
by 1,400 general practitioners, and based on 34,875 
woman-years of pill use, standardized for age, parity, 
social class, and cigarette smoking, the study found a 
PID rate of 0.42 per 1,000 woman-years. The ratio of 
standardized rates of PID for oral contraceptive users 
compared with nonusers is 0.5 and is statistically sig- 
nificant. In this study, no uniform diagnostic standards 
for PID were used; therefore, cases may or may not 
have been strictly defined by any particular prac- 
titioner. Any reporting bias probably would be in favor 
of an increase in cases among oral contraceptive users, 
since they see their physicians on a more regular basis 
than nonusers?’ and might be inclined to complain of 
symptoms at that time. 

Kaufman and colleagues® did a case-control study on 
hospitalized women. Cases were limited to first-episode 
acute PID only, and all women were sexually active. 
The age-adjusted relative risk of PID was 0.2 for oral 
contraceptive users compared to IUD users. Unfortu- 
nately, the study population was limited to only those 
sexually active women using either IUDs or oral con- 
traceptives. No other comparison group was included. 
This produces a spuriously low relative risk for oral 
contraceptive users, as well as a spuricusly elevated risk 
for IUD users (Table I and II). 

The Noonan and Adams!’ study discussed previ- 
ously is the only study to show an increased risk of PID 
for oral contraceptive users. The probable explanation 
for the inconsistency lies in the case definition for PID, 
which includes nonspecific, nonmenstrual pelvic or ab- 
dominal pain. In this study higher rates of these symp- 
toms occurred in users of oral or barrier contraceptives 
than in nonusers. Clearly, this is'an unusual clinical 
finding. But consequent to it, the rate of PID defined 
by these symptoms probably was unusually high for 
oral contraceptive users, resulting in a spuriously ele- 
vated relative risk of PID. . 


Discussion 


Taken together, the reported studies on the IUD 
and PID deal with most of the biases that could explain 
the apparent increases in risk with the IUD. Results of 
the studies are consistent in direction despite varying 
study designs, researchers, and locations, and they 
generally point to an increased risk of 159% to 400% 
for IUD users when compared with all nonusers of 
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contraceptives. Conversely, analyses on the many stud- 
ies in which the influence of oral or, in some cases, any 
hormonal contraceptive use can be filtered from the 
results show a protective effect for women using these 
contraceptives. The relative risk for these women com- 
pared to women using no contraception ranges from 
0.3 to 0.9, with a median of 0.6. 

Our review shows the relative risk of PID with IUD 
use to be lower than past estimates. When IUD use is 
compared with no contraception, the relative risk is 
150% to 400% higher, while comparison with al] non- 
IUD contraception shows a three- to fivefold increase. 
Although the difference in relative risk may not be 
statistically significant, it is consistent, and therefore 
probably real.* The difference in risk may be ex- 
plained by considering the effect of oral contraceptive 
use. In most studies, the risk with oral contraceptive 
use is about half that with nonuse of any contracep- 
tion.t Thus, in control populations i in which there ts a 
high proportion of oral contraceptive use, the overall 
risk of PID is lowered; in comparison, the relative risk 
of IUD use ts elevated. 

Many factors influence the apparent relationship of 
contraception to PID. First, PID is difficult to diagnose 
accurately on clinical grounds alone. One study showed 
the clinical diagnosis of PID to be confirmed laparos- 
copically for only 65% of the patients, while in another 
15% of visually verified cases, the diagnosis of PID was 
not even considered prior to the procedure.” These 
misdiagnoses are probably of a random nature, and 
therefore, although they influence the PID rates found 
in the studies, their effect brings the relative risk closer 
to unity.*4 This epidemiologic premise was borne out 
by Faulkner and Ory” who found that a stricter case 
definition for PID raised the relative risk associated 
with IUD use. 

Another aspect of the diagnostic dilemma is the rele- 
vance of organisms cultured from the cervix of women 
under study. PID is a disease that can be initiated by 
any of several organisms.” Cervical cultures of women 
with PID usually yield gonococcal organisms about 
33% te 51% of the time,” but many other organisms 
can be isolated. Additionally, the spectrum and pro- 


*In fact, three studies have confidence intervals which over- 
lap at 1, indicating that the relative risks in those studies are 
not significantly different from 1. Thus, it may be that further 
work comparing IUD use to nonuse of any contraception 
eventually will show that IUD use raises the risk of PID only 
minimally. 


tFour out of six studies have 95% confidence intervals 
which overlap at 1. However, as with studies of IUD use, the 
consistency of the results (i.e., relative risks of less than 1) 
supports the finding of lowered risk with oral contraceptive 
use. 
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portions of organisms reflect the prevalence of the or- 
ganisms in a given population at a particular time and 
not an expected or average distribution. Thus, a diag- 
nosis of PID should be considered whether or not a 
gonorrhea culture is positive. Studies in two countries 
have found no statistically significant difference in the 
percentage of IUD users and nonusers with PID from 
whom gonococci could be cultures,* ™ although cne 
study’? showed IUD users to have gonorrhea less fre- 
quently than nonusers., Another study! implicated 
IUD use in gonococcal PID. That same study’? found a 
significantly lower prevalence of gonococcal PID for 
users ‘of oral contraceptives despite a similar incidence 
of positive gonorrhea cultures in both groups. Eschen- 
bach and co-workers ! also found that oral contracep- 
tive use may lower the risk of developing acute PID in 
women who have positive gonorrhea cultures. 

Age and parity of women interested in fertility con- 
trol obviously are related to the choice of contraception 
and have been investigated for their relation to PID. 
PID has been shown to be more prevalent in women 
less than 30 years of age. 2, 12, 27. 28 Using the Swed- 
ish data standar dized for parity, Ory! found that the 
relative risk for IUD users remains higher for young 
women. - l 

Parity has been addressed recently in four studies. 
Data collected by Westrom and colleagues?’ yielded an 
age-standardized relative risk of 6.8 for nulliparous 
IUD users vs. 1.7 for multiparous IUD users, a statisti- 
cally significant difference. However, exclusions from 
the control group for this study included a large T 
portion of nulliparous young women which could, 
part, account for the tremendously increased risk for 
that group.’ The Seattle study showed nulliparous 
women using IUDs had a relative risk of 3.3 compared 
with non-IUD users; while previously pregnant women 
(parity not specified) had a relative risk of 2.1. The 
third study by Osser and his group,”® based on age- 
standardized PID rates, did not confirm differing rates 
based on parity. The most recent study, also by Osser 
and associates,'® showed no statistically significant dif- 
ference in age-standardized relative risk of PID for 
parous and nulliparous women (2.6 and 1.5, respec- 
tively). Current data are inconclusive on this issué; 
however, parity appears to be less important than was 
thought earlier. | 

Further study on ‘the effects of parity is needed, par- 
ticularly because of the social significance of such 
findings. If PID-does have long-term sequelae that af- 
fect the ability to bear children, and if IUD use carries a 
particularly high risk of developing: PID for young 
nulliparous women, .the recommendations and pre- 
scribing practices for contraceptives should reflect this 
finding. Conversely, if the hormonal contraceptives 
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tend to lower the risk of PID, particularly for this 
high-risk group, these contraceptives may have added 
value in countries where infertility subsequent to PID 
or sexually transmitted diseases is a preblem. 

© Socioeconomic status has been implicated as a risk 
factor for PID, and most of the epidemiologic studies 
control for this factor in some way. Eschenbach and 
associates!’ have evaluated the role of socioeconomic 
status in PID and ound an estimated PID incidence of 
4.1% among indigent IUD users and 1.3% among 
high-income women. They also found that the relative 
risk for IUD users was highest among the wealthier 
population and lowest among the indigent population. 
There are many possible explanations for this differ- 
ence, including artifact based on a higher proportion 
of oral contraceptive users in the wealthier population. 
However, it may indicate that factors more directly cor- 
related with socioeconomic status influence the PID 
rate more than does use of the LUD. Various authors 
have thought these factors to include use of or access to 
health care, general coricern about health issues, dif- 
ferences in sexual habits, number of sexual partners 
(both male and female), general health status, and 
prevalence of sexually transmitted diseases in the 
population. | Wi 

Ascent of microbes through the uterus and into the 
fallopian tubes is the probable origin of PID. Conse- 
quently, the fate of microbes intr oduced into the uterus 
during [UD insertion has attracted interest. Studies 
have shown that :nsertion of an IUD through the cer- 
vix introduces bacteria into the uterus; however, | 
month later no bacteria were found on endometrial 
culture.?! More recently, evidence has shown that the 
uterus containing an [UD with a tail also contains bac- 
teria similar to the vaginal Hora, while the uterus with- 
outan LUD or with a tailless [UD contains no bacteria.” 
Studies by the same authors have shown that bacterial 
growth can occur in vitro on the cervical mucus adhe- 
rent to the IUD iail.” 

Several investigators have reported Rissloneitiy 
confirmed sterile inflammation in the endometrium” 
and in the tubes? subsequent to IUD insertion. This 
inflammatory process has been proposed as the facilita- 
tor for ascending genital infection. Presumably, altera- 
tions.in the inflamed tissues make clearance of invading 
bacteria more difficult and less complete. Also, perhaps 
because of mechanical damage by the IUD to the en- 
dometrial epithelium, bacterial access to the endome- 
trial stroma is more direct.” Thus, when miicrobeés are 
introduced intermittently into the uterus during 
menses or coitus,” they are more likely to cause infec- 
tion. Because of the in vitro gonococcidal effect of cop- 
per, several investigators have attempted to demon- 
strate that copper-containing IUDs lower the risk of 
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gonococcal infection in vivo. This, hoivever, has not 
been found.” i eo 

The infective mechanism dese iS M by 
the fact that PID predisposes - to repeat PID, irrespec- 


tive of gonococcal or nongonococcal etiology of the first . 


attack. Women who have had one episode. of PID 
have a two- to threefold i increase in the risk of having 
another episode compared to women who have never 
had PID. In repeat PID, there is a 50% increase in the 
proportion of nongonococcal cases over that in first- 
episode PID.*® Thus, the distribution ‘of causative 

agents in.repeat PID more closely approximates the 


distribution in the general population. These findings: 
point toward a residual precess or change i in the genital - 


tract causing a decrease in the ability of the System 


to. clear organisms | or fight infection. Since the’ 
inflammatory process initiated by the IUD is similar to. 
the inflammatory process initiated by infection, 22 one 
might | assume that the inflammation pa se isa predi 
_ posing factor for PID. - 


The mechanism of the protective effect of oral zon- 


traceptives against PID is speculative. Eschenbach? has ` 


postulated that the progesterone effect of increasing 
the. density of cervical mucus may be responsible for 
inhibiting bacterial entry into the uterus. Westrom and 
colleagues’ have suggested that changes in ‘uterine 
muscular activity may decrease propulsion of bacteria 


upward into the tubes, and decreased bleeding would. 


reduce the availability of the culturé medium for bac- 
teria. The well known effect of steroids of decreasing 
the inflammatory response of the body in other situ- 


ations also may play a part. Thus, it is physiologically. 


plausible for the oral contraceptives to: pr ovide a lés- 
sened risk of PID. . 
_ Other contraceptive methods such as condoms and 


diaphragms with spermicidal chemicals apparently ; are. 


associated with lower PID risks than the IUD*-anc are 
associated with a decreased prevalence of gonorrhea.” 


Several studies have found some in vitro activity of the. - 


spermicides against genital pathogens, * but no sys- 
tematic study has compared. effectively the risk of PID 


while using these agents to the risk associated with: 


other contraceptives. 


International implications 


Despite methodologic difficulties; the available data 
clearly show an increased risk of PID with IUD use and - 
a decreased risk of PID with oral contraceptive use. But 


a relative risk.of 1.5 to 4 or of 0.5 does nat convey the 
importance of these changes in risk in any given popu- 
lation. Concerns have been voiced over the health ef- 
fects of various contraceptives, particularly for women 
in the developing countries. To address this issue, we 


have developed estimates of the strength of the PID- 
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IUD relationship in the déveloping world. Consequent 


-to the decrease. i in PID with-oral contraceptive use, 
_we also have estimated the decrease in PID resulting 


from use of oral contraceptives in developin g countries. 

' Our- methods are descr ibed, elsewhere in detail.?? 
Briefly, we estimated maximum’ and minimum. num- 
bers of women exposed to the IUD and to oral con- 
traceptives in the underdeveloped countries, by region. 
We have excluded China; Britain, Canada, the United 
States, and Western Europe. Estimates of numbers of 
acute PID cases: were ‘based on the numbers of women 
using each. method and on a conglomerate estimate of 
contraceptive method -specific rates of PID. 

We estimated the total population of women aged 15 
to 44 years to be 471.7 million in developing countries 


in 1978. The range of estimated [UD-associated cases 


of PID is 0:3. to 0.8 million; and the range ‘of cases 
averted by use of the oral contraceptives is estimated to 
be 2.0 zo 2.9-million cases. | 
Clearly, each. contraceptive method has advantages 
and disadva antages. Our review and estimates indicate 
that one disadvantage. of the IUD is an increase in PID 
asscciated with its use.* Conversely, an advantage of 
the pral contraceptives. is the decrease in PID Sane 


_ with their use. But PID is only one factor to consider; 


is not the only factor. A reasonable approach would i 
to use these agents in age groups that have the most to 
gain’ (and, conversely, the. least to lose) with each meth- 
od. For instance, use of oral contraceptives might be 
encouraged in young women who wish to retain their 


fertility and te have relatively absolute control over the 
“occurrence of a pregnancy; use of the IUD may be 


encouraged for women who have already completed 
their families and are not so concerned about, or pos- 
sibly would welcome, the subfertility that might be a 
consequence of IUD- attributable PID, should it occur. 
-Data ọn the risks and benefits of various contracep- 
tive methods have begun to clarify some of the issues. 


Howev er, most of the research so far has been done i in 


developed countries, and, consequently, there is a great 
gap.in our knowledge of how these agénts affect the 
populations of the developing world, where they also 


‘are. used. Data on, mortality, acute morbidity, and 


long-term sequelae aré missing and necessary. Until 
such time as they are available, we must assume that the 
basic relationships of each contraceptive method to 
health: are at least consistent in direction, if not in 
magnitude, anywhere in the world. G 


- *4 related issue in the developing countries is whether to 
use individually prepackaged, sterile IUD and inserter units, 


_ or the considerably less-expensive bulk-packaged units, which 


must be sterilized at the time of use. Recently, there has been 
evidence from a study conducted in five developing coun- 
tries” that the overall net rate of removal of IUDs because of 
PID is wey the same for either type of packaging. 


- 
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Intrauterine device use and the risk of pelvic 


inflammatory disease 


RONALD T. BURKMAN, M.D. 
Baltimore, Maryland 


A number of studies have shown an association between use of the intrauterine device (IUD) and 
the development of pelvic inflammatory disease. in the nine studies reviewed, the estimated risk 
varied between 1.6 and 9.3. A number of interacting variables are operani, in addition to IUD use. 
Further, the use of nonpermanent forms of contraception other tran the IUD may exert a protective 
effect against the development of PID. (AM. J. OBSTET. GYNECOL. 138:861, 1980.) 


THE POSSIBLE relationship between the use of ar in- 
trauterine contraceptive device (IUD) and the devel- 
opment of pelvic inflammatory disease has been an 
area of concern and research for over a decade. Start- 
ing with the report by Scott’ on critical illnesses and 
deaths associated with the IUD and the review by 
Wright and Laemmle? concerning LUD use and pelvic 
infection, a number of studies have suggested that 
there is an association between JUD use and PID. 
From a public health standpoint, this is a subject of 
some importance. For example, although there ap- 
peared to be a decline in rates of outpatient visits for 
salpingitis and PID from a peak tn the early 1970s, the 
estimated rate in the United States remained at 2,500 
visits per 100,000 female population aged 10 to 50 
years in 1977.9% In addition, other estimates indicate 


that between 1% and 2% of women discharged from 


hospitals in the United States have PID or salpingitis. 
Therefore, since reported studies indicate estimated 
relative risks of PID as high as 9.3 for IUD users,* these 


women could conceivably be at high risk for morbicity.. 


This article will review some of the pertinent epidemi- 
ologic literature and also will discuss some of the prob- 
lems in evaluating such studies. 


Relevant epidemiologic literature 


Table I lists nine selected studies that have shown an 
association between IUD use and PID. 

The study by Wright and Laemmle? consisted of es- 
timating the rate of acute PID in a predominately indi- 
gent black population, including estimates for substrata 
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of contraceptive users. They showed that a febrile 
episode of PID occurred in 6.6% of IUD users as 
compared to 1.6% of nonusers of this form of con- 
traception. 

Targum and Wright* evaluated patients presenting 
with zheir first episode of PID and compared them to a 
control group consisting of women presenting to a 
general medical clinic and mothers of children seen in 
a pediatric emergency room. The 50 cases were 
matched to the 100 controls by age, current marital 
status, and interval since last pregnancy. In this study, 
80% of the patients were hospitalized. In addition, one 
third of the case subjects wearing IUDs reported use of 
the Majzlin spring. 

Lippes® compared the [UD usage rate of 91 women 
hospitalized at Buffalo General Hospital with PID in 
1973 to that of 38 women with appendicitis. Fourteen 
percent of the PID patients as opposed to 8% of women 
with appendicitis were wearing an IUD on admission. 
Other potential variables affecting the occurrence of 
PID were no: reported in this study. 

Westrom and co-workers’? compared IUD usage pat- 
terns in 516 patients with laparoscopically verified 
acute salpingitis vs. 741 sexually active women from the 
same regions matched to the salpingitis group by date 
of birth, dornicile, and socioeconomic status. In this 
study, tne relative risk of salpingitis for IUD users 
compared to nonusers was 3.1 for all women, 6.9 for 
nulligravid patients, and 1.7 for previously pregnant 
women, About 40% of the originally selected contro! 
group were excluded for various reasons. Of sig- 
nificance was the exclusion of 301 women owing to lack 
of contraceptive use—a finding felt to be indicative 
possibly of lack of sexual activity. Also of interest was 
the finding of a rate of oral contraceptive use in the 
control subjects 250% higher than that in salpingitis 
patients. . 
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Table I. Selected studies indicating an association between IUD use and PIL 


Wright and Laemmle (1968) U.S.A. 
Targum and Wright (1974) - U.S.A. 
Lippes (1975) U.S.A. 
Westrom et al. (1976) Sweden 
Faulkner and Ory (1976) U.S.A. 
Vessey et al. (1976) Great Britain 
Eschenbach et al. (1977) U.S.A. 
Kaufman et al. (1980) U.S.A. 

The Women’s Health Study” U.S.A. 


Faulkner and Ory’ compared 50 patients with PID 
and fever of at least 38° C and 100 patients with PID 
without fever to 200 patients presenting to the same 
emergency room who did not have an abdominal or 
gynecologic complaint. The women studied were from 
a predominately black indigent population in Atlanta, 
Georgia. [UD users were found to be five times more 
likely to develop febrile PID compared to nonusers. 
The risk did not change significantly when standard- 
ized for race, education, marital status, past diagnosis 
of PID, number of pregnancies, frequency of sexual 
intercourse, and number of partners. Controls were 
found to utilize forms of contraception other than the 
_IUD more frequently than the febrile PID patients, 

In cooperation with the Family Planning Association 
of Great Britain, Vessey and co-workers® carried out a 
prospective cohort study of 17,000 married white 
women, aged 25 to 39 years, currently using con- 
traceptives, for 56,000 woman-years of observation. 
They determined a rate of first-episode hospitalization 
with salpingitis, PID, or endometritis of 0.83 per 1,000 
woman-years. IUD users were found to be at 350% 
increased risk of hospitalization for these conditions 
compared to nonusers. This finding was not due to 
differences in parity, age, or sccial class. 

Eschenbach, Harnisch, and Holmes® carried out a 
matched pair case-control study of 173 women present- 
ing with PID and 173 controls, divided between women 
who presented at a venereal disease clinic or at a gyne- 
cology clinic. Matching was carried out for age, race, 
marital status, presence or absence of gonorrhea, par- 
ity, and number of sexual partners. The overall esti- 
mated relative risk of PID for [UD users was 4.4, with 
risks of 9.0 for nulligravid users and 3.4 for previously 
pregnant users. Thirty-two percent of the case group 
had experienced episodes of PID prior to inclusion in 
the study and 29% of the case group required hospital- 
ization for the disorder. 

Kaufman and co-workers’® compared IUD usage 
patterns between 44 women hospitalized with a first 


Estimated risk 
of PID for IUD users 
Record analysis 4,1 
Case-contro! 9.3 
Case-control 1.9 
Case-control 3.1 
Case-control 5.1 
Prospective cohort 3.5 
Case-control 4.4 
Case-contro] 6.5 
Case-control 1.6 


episode of PID and 259 hospital control subjects. 
Excluded from the study were women experiencing 
pregnancy withm 6 months of interview, postmeno- 
pausal women, and women who were not utilizing 
either the IUD or oral contraceptives. The age- 
adjusted relative risk of PID for IUD users was 6.5 and 
this risk persisted even when other factors such as par- 
ity were taken Into account. 

The Women’s Health Study’! was a multicenter, 
case-control study consisting of 1,457 women hospi- 
talized with PID compared to 3,453 women hospi- 
talized for nongynecologic surgical or medical condi- 
tions. Adjustment procedures were utilized in order to 
take into account differences in age, race, parity, fre- 
quency of sexual intercourse, and number of partners. 
For all those currently using IUDs the relative risk of 
PID was 1.6 but rose to 2.1 for patients experiencing a 
first episode of PID. The study demonstrated an in- 
creased association for women less than 25 years of age 
and for nonblack women, but there were no differ- 
ences in risk between nulligravid and gravid women 
utilizing this form of contraception. Recency of inser- 
tion or reinsertion of an IUD was associated with in- 
creased risk but total duration of use was not, The 
study also showed that the relative risk of PID is higher 
when one compares IUD users to users of other con- 
traceptives, as apposed to nonusers of contraceptives. 
Finally, the relative risk of PID for users of nonperma- 
nent forms of contraception other than the IUD was 
less than 1—a finding suggestive of a protective effect. 


Discussion 


Defining PID is a major problem in evaluating the 
available literature. The term “pelvic inflammatory dis- 
ease” is imprecise though in most usage it implies sal- 
pingitis. Furthermore, the symptoms and signs are not 
specific to the disorder and a variety of organisms in- 
cluding gonorrhea may be causative. In the study of 
Jacobson and Westrém,'? 905 women with signs and 
symptoms of P_D underwent laparoscopy by the inves- 
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tigators. Although the diagnosis was confirmed in two 
thirds of the cases, one third of the patients did not 
have evidence of PID. Thus, a proportion of patients 
with suspected PID in the various studies may not, in 
fact, have had the disorder. Only one of the studies 
reviewed required visual confirmation of the PID diag- 
nosis® although another did examine risks according to 
a scale of diagnostic certainty which required visualiza- 
tion for the “most certain” group.'! However, in this 
latter study, the risk of PID for IUD users was slightly 
higher in the “less certain” groups than in the “most 
certain” group. 

There also may be significant differences in the 
strengths of associations of factors depending upon 
whether or not one ts dealing with first-episode acute 
PID or chronic forms of the disease. For example, pa- 
tients with a past history of PID may not utilize the LUD 
as frequently owing to its being relatively contraindi- 
cated in such cases, yet prior IUD use may have been 
related to their contracting PID initially. Four of the 
studies reviewed* ® ' 1! dealt exclusively with or exam- 
ined separately first-episode PID while the remaining 
studies did not. 

Another important problem faced by investigators is 
the complex interrelationship of a number of variables, 
in addition to IUD usage, to this disease process. For 
example, number of sexual partners, frequency of sex- 
ual intercourse, and age all have been shown to affect 
the strength of association between IUD use and PID." 
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Also. nongonococcal forms of PID have been shown to 
occur more frequently among IUD users than gono- 
coccal forms.’ Therefore, in evaluating the various 
IUD and PID studies, one must take these other vari- 
ables into account. 

Aw imporzant point being brought out by many of 
these studies is the suggestion that the use of nonper- 
manent contraception other than the IUD appears to 
convey a protective effect against the development of 
PID.*: 6-7% 1€ This is an important effect to recognize not 
only from its potentially beneficial aspects but also since 
some of the increased risk of PID reported for IUD 
user: may be attributable partially to these reduced 
risks For example, the risk reported in the study by 
Kaufman and associates’? may have been lessened if 
sexually active non-contraceptive users had been in- 
cluded in the study. In any event, this phenomenon 
dese-ves further attention in order both to determine 
the mechanisms involved and to make users of non- 
IUD forms of contraception aware of this additional 
beneht. 

Taking into account potential methodologic prob- 
lems. variation in populations studied, and differing 
countries, the studies reviewed are consistent in show- 
ing <n association between IUD use and PID. Thus, 
women wishing to utilize this form of contraception 
must be apprised of this risk so that they can make an 
informed judgment regarding the balance of risk and 
beneit for them. 
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Risk of pelvic inflammatory disease among users of 
intrauterine devices, irrespective of previous 


pregnancy* 


S. OSSER, M.D. 
P. LIEDHOLM, M.D. 
N-O. SJOBERG, M.D. 


Malmo, Sweden 


The use of an intrauterine device (IUD) in 690 patients hospitalized for acute salpingitis (pelvic 
inflammatory disease) was compared with IUD use in a sexually active age-matched control group. Two 
hundred and twenty (31.9%) of the patients and 114 (16.5%) of the controls were wearing IUDs. 

Thus, the relative risk of developing acute salpingitis was 2 among IUD users. No significant 

difference was found in IUD use in the two groups between nulligravid women and women who had 
been pregnant. It was shown furthermore that the use of oral contraceptives decreases the risk of 
salpingitis by two thirds. A lower frequency of gonorrhea among PID patients who were IUD users 

was revealed also. (AM. J. OBSTET. GYNECOL. 138:864, 1980.) 


ONE OF THE MOST serious complications of the use of 
an intrauterine device (IUD) is pelvic inflammatory 
disease. It has been estimated that two thirds of critical 
illnesses in connection with the use of IUD are in- 
fections.! Kahn and Tyler? found that one third of the 
IUD users who entered the hospital did so because of 
an infection. In the last few years the use of copper- 
medicated IUDs has increased. In Sweden copper 
IUDs (mainly TCu-200) are now almost the only type 
used. 

During the last 5 years several investigators,” ° but 
not all,” have reported a large number of IUD wearers 
among patients with PID. At present it generally is ac- 
cepted that the use of an IUD, irrespective of type, 
increases the risk of acute salpingitis. It sull is debatable 
whether IUD users who have never been pregnant are 
more prone to develop [UD-related salpingitis than 
those who have been pregnant. Westr6m and col- 
leagues® found the use of an IUD to increase the risk of 
salpingitis in nulligravid women sevenfold, compared 
with twofold in those who had been pregnant. The 
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difference had not been shown previously in a con- 
trolled study. Ory,®? however, questioned the impor- 
tance of pregnancy. In an earlier prospective follow-up 
study,? we found no difference between parous and 
nulliparous women; however, that study was done 
without any control group. 

In the light of the above lack of unanimity we tried to 
find out whether salpingitis is more common among 
IUD users than in a sexually active age-matcned con- 
trol group; and if so, whether women who previously 
have been pregnant differ in this respect from those 


who have not. 


Patients and methods 

The study covered a 3 year period (1973 to 1975), 
during which 735 patients with acute salpingitis were 
admitted to the Department of Obstetrics and Gyne- 
cology in the General Hospital of Malmö. This hospital 


„serves about 250,000 inhabitants of Malmö and is the 


only gynecologic unit in the town. In the majority (over 
86%) of patients the diagnosis was verified by laparos- 
copy. We could not trace the records of 15 of the pa- 
tients. This left 720 patients for the study. All relevant 
gynecologic and obstetric data were extracted from 
the records (age, previous pregnancies, methods of 
contraception, laparoscopy, result of culture for 
gonorrhea). 

For each patient, a woman born on the same day and 
year was selected from the Public Register of Births 
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and served as a control. A questionnaire was sent by 
mail to each control. The questions concerned data 
about the controls during the month the matched pa- 
tient had been hospitalized for salpingitis. Each woman 
was asked whether she had been pregnant that month; 
whether she had been pregnant any time before that 
month; whether she had been healthy, ill, or hospi- 
talized that month; whether she had used any method 
of contraception that month, and if so, which method: 
how many sexual partners she had; and how often she 
had had intercourse monthly during that per iod. The 
purpose of these questions was. to exclude any women 
not sexually active during that specific month. The first 
returned questionnaire not eliminated using the fol- 
lowing exclusion criteria was taken as a matched con- 
trol: women whose addresses could not be traced, 
pregnant women, ill or hospitalized women, and 
women who had no sexual partner or intercourse dur- 
ing the period in question. After this elimination pro- 


cedure 690 (95.8%) ae the 720 patients pag one control 


each. 

The remaining 30 women with met but with 
no control did not deviate from the other cases in any 
other respect and were excluded from further study 
analysis. The following techniques were used: Coch- 
ran’s test fot multidimensional contingency table, 
log-linear test, and Mantel-Haenszels estimate of the 
mean odds ratio." |! All tests were two-tailed. 


Results 


The ages ‘of the patients ranged between 14 and 49 > 


years. The mean age was 24 years and as many as 


80.7% of the entire series were between 16 and 30- 


years of age. Two hundred and ninety-one (42.2%) of 
the patients had not been pregnant previously and 


399 (57.8%) had been pregnant. The corresponding ` 


figures in the control group were 266 (38.5%) and 424 
(61.5%). | 

Table I lists the contraceptive methods used. Onlv a 
minority used plastic IUDS, 13 (5.9%) iri the PID group 
and 11 (10.0%) in the control group. Table II lists the 
age distribution and frequency of the IUD users 


among all the patients who had and had not beeri 


pregnant previously. 

The interval between insertion of the IUD and the 
onset of salpingitis in 211 of the 220 patients (not 
known in the remaining nine) is shown in Table III. 
The mean interval was 11 months in the women who 
had been pregnant previously, 6 months in those who 
had not, and 10 months in all subjects. This differer:ce 
between the groups is, however, not significant when 
adjusted for- age. The cultures were positive for 
gonorrhea in 154 (22.3%) of the 690 patients but in 
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Table I. Frequency of contraceptive methods 
among patients and controls ` 


PID - Controls 


IUD 220 (31.9%) 
Oral contraceptive 159 (23.0%) 324 (47.0%) 
(ther cr no method 311 (45.1%) 252 (36.5%) 
Total . 690 690 . 


114 (16.5%) 


on.y 32 (14.4%) of those (220) with PID and using an 


. IUD. The difference was significant (p < 0.002). Thus 


among tne patients with gonococcal PID there were 
2C 8% IUD users compared to 35.1% users among the 
535 nongonococcal PID cases. 

Among the 154 women with gonococcal salpingitis, 
20 8% used an IUD while 35.1% of the 536 women 
with nongonococcal salpingitis used an IUD. Of the 
6S) patients, 594 (86.1%) underwent laparoscopy. No 
difference in laparoscopic findings or symptoms was 
found between users and nonusers of IUDs. 

All the controls were sexually active and the fre- 
quency of intercourse was, on the average, nine times 
montaly. Eighty-nine percent had a single sexual part- 
ner. Among the controls no difference in sexual activ- 
ity was noted between the women who had never been 
pregnant and those who had, or between those who 
were wearing an IUD and those who were not. 

Discussion 

The frequency of IUD users among PID patients in 
different controlled studies ranged from 14% to 
46%," 1 In our study it was 31.9% compared with 
16.5% of the controls. The relative risk of IUD users 
developing salpingitis in this study was 2.1, which is 
highly significant (p < 0.0001; 95% confidence interval 

-6 to 2.7). According to Westròm and associates? and 
eee: and Soderstrom" the relative risk of PID 
in IUD users is greater for nulligravid than for 
previously pregnant women. It has been suggested by 
Ory® that part of the difference found in the study 
by Westrom and co-workers can be explained by a 
bizsed selection of their controls, ie., dropouts in 
ycung age groups, etc. The present study was 
performed in the same region of Sweden, where the 
population is comparable in regard to socioeconomic 
status. In our study we found no significant 
difference in the frequency of salpingitis among the 
wemen who had been pregnant previously and 
nulligravid women. The risk for the former was 2.6 
(p < 0.001) and for the latter 1.6 (p < 0.02). The 
difference between 1.6 and 2.6 is not significant. 
Similar results have been reported by Nygren and 
Nielsen." 

Unlike Westrom and associates? we asked the control 
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Table II. 1UD use among previously pregnan: a women with PID and controls, by age 





Age group 
(yr) 
<16 l 2 
16-20 20 54 i f 
21-25 53 67 25 
26-30 44: 53 3 
31-35 31 33 ] 
>35 z4 _27 0 
Total 163 236 57 
% With IUD 40.9% 19.6%.. 


Table IIT: Interval between insertion and ‘onset of + 
salpingitis i in previously pregnant and hulligravid 
women, by months 


<l 42 (25.8%) 26 (45. 6% %) 68 (30.9%) 
2-6 33 (20.2%) 9 (15.8%) 42 (19.1%) 
7-12 35 (21.4%) 12 (21.1%) 47 (21.4%) 
>12 _45 (27.6%) = _ 9. (15.8%) _54 (24.5%) 
Total 155- 56 211 


women. whether. they were shiai active, 1.€., We 


neither consider ed the mere use of a contr aceptive: as 


proof of sexual activity, nor did we exclude women not . 
using contraceptives: It is well known. that in every 


population. there are a significant: number of women 


who are sexually active and do not use any contracep- ‘ 
tive-method: In the present study every patient had her ’ 


own control. Thus, the age distribution of the two 
groups was identical;.in this‘'respect our sample was 
unbiased, a point that Ory? finds very important. 


‘In many hospitals the diagnosis of PID is made on. 
dinel gr ounds, and is therefore less certain. In this » 


-study the diagnosis usually was confirmed (86: 1%): by 


laparoscopy. A complete ‘statistical analysis concerning. 
the frequency and distribution of salpingitis not ver- - 


ifed by laparoscopy resulted in the same IUD fre- 
quency and.risk figures in the different groups. 


Women never: previously pregnant were prone to, 


develop salpingitis within a month after insertion of the 
IUD (p < 0.04; age str atified). This might be explained 
_ by mechanical trauma to the narrower cervical canal 
. during insertion in these women. Oral contraceptives 
were used by 23.0% of the patients and by 47.0% of 
the controls. This difference is highly significant 
(p < 0. 0001), and is consistent with the finding by Wes- 
trom and colleagues.® This might be due to the hor- 


Controls 


N ee 


8 
3 14 21 176 
20 57 25 117 
17 67: 5 35 
10 39° 2 24 
=a _29 0 s: 
59 207 55 369 
22.2% 13.0% 


mones of oral contraceptives increasing the viscosity of 
the cervical mucus. Perhaps the shortening of the 
menstrual bleeding is also a contributory factor. In our 
study oral contr aceptives ‘reduced the relative risk of 
developing salpingitis by.two thirds. | 
In vitro studies have suggested that copper IUDs can 
offer protection against gonorrheal infection,’ but this 
could not be demonstrated by Westrom and his associ- 
ates. Our study revealed a significantly lower fre- 


~ quency of gonorrhea among PID patients who were 


IUD users than among nonusers (p < 0. 002), possibly 
because the IUD was: medicated with copper. 

, On the other hand,. the greater frequency of 
gonorrhea among non-IUD patients possibly could be 
explained by the hypothesis that both gonococeal in- 


~ fection and IUD use are relatively independent risk 


factors for PID. 
Several explanations have been. glazi for the in- 


_ creased frequency of PID among IUD users. Thus, in 


connection with 1 inser tion of the IUD, bacteria are in- 


-. troduced:into the uterine. ‘cavity despite aseptic precau- 
. tions.!® Menorrhagia and intermenstrual bleedings are 


common among IUD users and the bleeding changes 
the vaginal,and cervical milieu, facilitating ascending 
infections. An IUD in utero also may alter the defense 
mechanisms that normally remove bacteria. The main 


conclusion of this study is.that the use of an IUD dou- 


bles the risk of acute salpingitis (compared with the 
risk in a sexually active age-matched control- group). 

Although the risk is increased in the woman who has 
never been pregnant, the differ ence in relative risk is 
not significant. We think that the risk for nulligravid 
women has been exaggerated during the last few years. 

But, salpingitis may, of course, imply a greater risk of 
psychological and practical problems in women who 
have never been pregnant but who wish to retain their 


- fertility. 
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Yo Cr YIP? 
Kuala Lumpur, Malaysia 


We evaluated 3,066 consecutive women admitted during 1 year to two major hospitals of Kuala 
Lumpur and the adjacent urban area of Malaysia. Indicators of acute pelvic inflammatory disease 
were more common among patients with. induced abortions. PID was thought to be a major 
contributor to the higher costs associated with management of patients with induced abortions. 


(Am. J. OBSTET. GYNECOL. 138:868, 1980.) 


ACUTE PELVIC inflammatory disease is a serious con- 
sequence of abortion. This brief report on clinical as- 
pects of women hospitalized for abortion focuses on 
those features related to PID. . 

We studied women hospitalized at the Government 
General Hospital (Hospital Besar) of Kuala Lumpur 
(Bandarya Kuala Lumpur) and the University Hospi- 
tal, University of Malaya, of the adjoining municipality 
of Petaling Jaya. The estimated ‘population of the 
Kuala Lumpur-—Petaling Jaya urban area is approxi- 
mately 1.4 million. The two study hospitals are the only 
major public hospitals with obstetric and gynecologic 
units which serve this population. A few small private 
hospitals and nursing homes/clinics also care for some 
women with abortion-related gynecologic illnesses. 
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Methods 


This study is a small component of the multicenter 
Prospective Hospital-Based Study on Illegally Induced 
Abortion sponsored and funded by the World Health 
Organization. Other centers which participated in this 
study were located in Ankara, Turkey, Caracas, Ven- 
ezuela, and Lagos, Nigeria. All four centers used stan- 
dardized, although not identical, protocols, question- 
naires, and data collection instruments. 

In Malaysia, all women admitted to the two study 
hospitals during the year October, 1976, to September, 
1977, were evaluated for possible abortion. All patients 
identified as having an abortion-related hospital 
admission during this year became part of the study 
group. These patients were interviewed by the study 
team and their records were abstracted. Their routine 
care, however, was provided by the normal hospital 
staff. 

- Standard definitions of abortion type were used at 
both hospitals and were based on the patient histories. 
Patients were considered to have had manipulation 
after the abortion if they described or underwent a 
second pelvic procedure following the initial abortion 
activity. Any patient with an oral temperature of 38° C 
recorded during the hospital stay was considered fe- 
brile. If adnexal tenderness was recorded by an experi- 
ericed consultant, the patient was considered to have 
tenderness. Patients’ estimates of blood Joss prior to 
hospitalization and the hospital estimates of blood loss 
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Table I. Abortion types in the two study hospitals—abortion-related hospitalizations, Malaysia, 1976-77 


- University Hospital General Hospital Total 


Type of abortion 





Therapeutic abortion with sterilization 105 
Therapeutic abortion only 1] 
Menstrual regulation 259 
Induced abortion (certain) 72 
Induced abortion (massage unsuccessful) 17 
Induced abortion (probable) &90 
Induced abortion (possible) 33 
Spontaneous abortion 374 
Unclassifiable 139 
Total 1,095 


p< 


5 


9.5 0.3 110 3.6 
1.0 17 0.9 28 0.9 
23.7 2 0.1 261 8.5 
6.6 103 5.2 175 5.7 
1.6 46 2.3 63 2,1 
7.3 362 18.4 442 14.4 
3.5 243 12.3 281 9.2 
34.2 821 41.6 1,195 38.9 
12.7 373 18.9 512 16.7 
00 1,972 160 3,067 100 


Table II. Admission findings related to abortion types—abortion-related hospitalizations, Malaysia, 1976-77 





Abortion types 
Induced (n = 238) 28 210 9 
Therapeutic {n = 138) i 137 — 
Menstrual regulation (n = 261) l 260 — 
Spontaneous (n = 1,195) 5 1,190 


Total no. (%) 


Manipulation Foreign body Fever 
history (no.) present (no.) 38°C (no.) 







Blood loss 
history (no.) 






Adnexal ten- 
derness (no.) 





229 82 156 43 195 M 224 
i380 — 138 9 — 138 2 136 
261 0 261 — 261 2 259 
1,195 24 1171 14 1,181 141 1,181 





Table III. Blood transfusion use related to abortion type—abortioa-related hospitalizations, 


Malaysia, 1976-77 


Types of abortion 





Induced 34 14.3 
Therapeutic 6 4.3 
Menstrual regulation l 0.4 
Spontaneous 83 7.0 


Total no. (%) 124 (6.8) 


were combined to estimate total blood loss. Hospital 
records of transfusions and antimicrobial use were 
used to document these treatments. 

Costs for antimicrobials were based on the actual 
costs to the hospitals of the drugs administered. Other 
hospital costs include bed occupancy and surgical and 
anesthetic costs, and are based on hospital estimates of 
actual costs. All costs were converted to U. S. dollars for 
standardization. 

Further data compilation and analysis are in prog- 
ress. 


Results 


During the year of the study, 3.067 consecutive 
women were hospitalized in the two study hospitals 
for abortion-related illness. Of these patients, 1,095 
(35.7%) women were admitted to the University Hospi- 


204 85.7 238 

-32 95.7 138 

260 99.6 261 
1,212 93.0 1,195 
1,708 (93.2) 1,832 (100) 


taland 1,972 (64.3%) to the General Hospital. Admis- 
sions for acute gynecologic illnesses were distributed 
similarly between these two hospitals; approximately 
one third were admitted to the University Hospital and 
two thirds to the General Hospital. 

Althcugh abortion types were classified similarly at 
both haspitals, the pattern was different for these two 
institutcons (Table I). Both “therapeutic abortion with 
sterilizetion” and “menstrual regulation” were more 
common in the University Hospital (9.5% and 23.7%, 
respect vely) than in the General Hospital (0.3% and 
0.1%). Dtherwise, the abortion types were similar. 

Abortion type and selected clinical parameters. We 
identified four groups of well defined abortion types in 
order to better compare clinical parameters and health 
factors to these. These groups are: (1) induced abor- 
tion consisting of 238 cases, which include 175 cases of 
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Table IV. Antimicrobial use for 169 patients with induced abortion—abortion-related hospitalizations, 


Malaysia, 1976-77 


Type of antibiotics 
Ampicillin (Penbritin) 114 
Penicillin 44 
Streptomycin 43 
Co-trimoxazole (Bactrim/Septrin) 23 
Tetracycline (Achromycin) 6 
Cephaloridine (Ceporin/Ceporex) 5 
Kanamycin 2 
Chloramphenicol (Chloromycetin) l 
Gentamicin a 


No. of courses % Antibiotic courses 


% Respondents given 
particular antibiotics (n = 169) 


47.7 7.5 
18.4 26.0 
18.0 25.4 
9.6 - 183.6 
2.5 3.6 
2.1 3.0 
0.8 1.2 
0.4 0.6 
0.4 0.6 
100 141.5 


Total 239 : 


Table V. Medication costs by abortion type—abortion-related hospitalizations, Malaysia, 1976-77 


Medication costs ($ U. S.) 


vee arse | orge | eran [sa 


Induced 12 5.0 146 60.6 71 295 9 3.7 I1 04 2 £408 24] 
Therapeutic 2 1.4 131 95.0 5 3.6 — — ~ 138 
Menstrual regulation 42 16.1 219 83.9 — — — 261 
Spontaneous 222 18.6 905 75.7 62 5.2 5 04 1 Ql e 1,195 
Total 278 15.1 1,401 76.4 138 75 14 08 2 0.1 2 0.1 1,835 


“induced abortion (certain)” and 63 cases of “induced 
abortion (massage unsuccessful)”; (2) therapeutic 
abortion consisting of 138 cases, which include 110 
cases of “therapeutic abortion with sterilization” and 
28 cases of “therapeutic abortion only”; (3) menstrual 
regulation consisting of 261 cases; and (4) spontaneous 
abortion consisting of 1,195 cases. 

These 1,832 cases were clear-cut abortion types. The 
remaining 1,234 cases were less clearly defined abor- 
tion types and will not be considered further in this 
report. 

On admission, 11.8%of the induced-abortion group 
had evidence of manipulation; less than 1% of each of 
the other three groups had such evidence (Table II). 
Foreign bodies were present in nine patients (3.8%) of 
the induced group (Table II). No foreign bodies were 
found in the other three groups. 

Eighty-two patients in the induced-abortion group 
(34.5%) had fever of 38° C or higher (Table II). In 
contrast, no patients in the therapeutic-abortion or 
menstrual-regulation groups had fever and only 14 
(2%) in the spontaneous-abortion group had fever. 

Adnexal tenderness, either unilateral or bilateral was 
identified in 18% (43 cases) of the induced-abortion 
group (Table III). In contrast, no patients had anexal 
tenderness in the therapeutic-abortion and menstrual- 


regulation groups; only 1.2% of the patients in the 
spontaneous-abortion group had adnexal tenderness. 

Excessive blood loss (loss of more than 100 ml) was 
four to six times more common in the induced- 
abortion group (5.9%) when compared with the other 
three groups (Table II). Thus, 1.4% of the 
therapeutic-abortion, 0.8% of the menstrual- 
regulation, and 0.9% of the spontaneous-abortion 
groups had blood loss exceeding 100 ml. 

Case management. Blood transfusions were used in 
14.3% of the induced-abortion group, 7.0% of the 
spontaneous-abortion group, and 4.3% of the 
therapeutic-abortion group (Table HI). Only one pa- 
tient (0.4%) in the menstrual-regulation group re- 
ceived a transfusion. 

Antimicrobials were administered for genitourinary 
infections to 169 induced-abortion patients, or 71% of 
this group. No other group received antimicrobial 
agents. These 169 patients received 239 courses of an- 
timicrobials (Table IV). Ampicillin, the antibiotic used 
most commonly, was given to 67.7% of these patients 
and constituted 47.7% of all chemotherapy courses. A 
combination of penicillin and streptomycin, the next 
most popular regimen, constituted about 18% of all 
antibiotic courses and was used to treat nearly 26% of 
these patients. The co-trimoxazole type of combination 
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Table VI. Hospital costs (excluding antibiotic charges) related to abortion types—abortion-related 


hospitalizations, Malaysia, 1976-77 


Hospital costs, excluding antibiotic charges ($ U. S.) 


Abortion types 


sulfonamide constituted nearly 9.6% of all antimicro- 
bials administered and was given to 13.6% of the pa- 
tients. Other antibiotics were used infrequently. 

Hospitalization costs. For 34.4% of the induced- 
abortion group, medication costs exceeded $20 (Table 
V). Only 3.4% of the therapeutic-abortion group, 5.7% 
of the spontaneous-abortion group, and none of the 
menstrual-reguiation group incurred medication costs 
of $21 or more. 

When medication costs were excluded, hospitaliza- 
tion costs for the induced-abortion group still exceeded 
those for other groups (Table VI). Nearly 65% of in- 


_ duced abortions incurred cost exceeding $200. In con- 


trast, only 46.6% of spontaneous abortions and 21.4% 
of therapeutic abortions incurred hospital costs exceed- 
ing $200. None of the menstrual-regulation treatments 
incurred such high costs. 


Discussion 


Over 3,000 abortion cases were identified in this 
study. Other patients who failed to develop illness after 
an abortion were not counted, and still others who re- 
ceived care elsewhere were not included. Thus, even 
where laws limit abortion practices, these are relatively 
common procedures. 

Nearly one third of all the abortion-related admis- 
sions were patients with induced abortions (Table I). 
Such patients were more likely to have a febrile illness 
and adnexal tenderness. These signs probably are 
caused by acute PID in this population. 

Patients with induced abortion were more likely to 
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=$100 | $101-3200 | $201-$300 | $301-$400 | $401-$500| =$501 
SES EEE ee 
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Therapeutic — 3 24 96 76.2 5 40 M4 ILil 1 08 7 5.6 126 
Menstrual regulation 256 98.5 a 62 l 0.4 — — — - 260 
Spontaneous l 01 29 24 608 50.9 288 24.1 162 13.6 46 39 60 5.0 1,194 
Total 257 14.1 38 2.1 785 43.2 384 71.1 212 117 60 33 81 45 1,817 


require blood transfusions, both to replace excessive 
blood loss and to combat bacteremic shock (Table II). 
This excessive blood loss probably is greatly under- 
estimated in this group, since these patients, fearing 
lega. and social consequences, delayed seeking treat- 
ment. 

Cases of induced abortions incurred much higher 
medical costs than other cases. Such cost excess was 
attributed to antibiotic use and to longer hospital- 
izations. We ascribe both these factors to the higher 
PID risks in the group of patients who had induced 
aborzions. Part of the relatively high hospitalization 
costs associated with spontaneous abortions were due 
merely to delays of at least 1 day between admission 
and surgical evacuation at one of the hospitals because 
anesthesia/theater facilities were lacking. 

We were surprised that only 1.9% of these patients 
had evidence of manipulation, In prior studies in rural 
Malaysia, as many as 12.9% of all abortion cases had 
had manipulation.» * Most induced abortions per- 
formed in this study were done by Western-trained 
physizians. Since such personnel are not available to 
rural populations, a larger percentage may have ma- 
nipulation after the abortion. 
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Etiology of pelvic infections treated by the 
gynecologic service of the Kasturba Hospital, 


Delhi, India 


M. KOCHAR, F.R.C.S.E., F.R.C.O.G. 
New Delhi, India 


Selected etiologic and clinical characteristics of pelvic infections associated with gynacologic 
surgical procedures and other conditions were studied. During a 5 year period, 1,800 patients were 
admitted to Kasturba Hospital. Infections following sterilization by vaginal tubectomy were common 
while septic-induced abortion was the leading cause of maternal morbidity. Medical management 
was successful in most of the patients. (AM. J. OBSTET. GYNECOL. 138:872, 1980.) 


PELVIC INFECTIONS are common problems encoun- 
tered in gynecologic, infertility, family planning, post- 
natal, legal abortion, and sterilization clinics in India. 
These infections may be caused by specific pathologic 
microorganisms, such as Neisseria gonorrhoeae and 
Mycobacterium tuberculosis, or nonpathologic bacterta. 
Genital tuberculosis, though rare in Western countries, 
is still quite prevalent in India.’ ? Patients with this 
disease often have no signs or symptoms and often are 
diagnosed during routine evaluations or investigations 
for primary and secondary amenorrhea. 

Depending on socioeconomic status, minor symp- 
toms due to pelvic infections often are ignored by the 
patient and medical care is sought only when acute 
symptoms develop or when menstrual disorders or in- 
fertility occurs. In spite of sex education in schools, 
increased awareness of venereal diseases, and better 
methods of diagnosis and management, pelvic in- 
fections still are not being treated properly. As a result, 
they frequently progress to pelvic abscesses, adhesions, 
and chronic symptoms, 

In the presence of liberalized abortion laws, increas- 
ing numbers of women are seeking legal abortions. Un- 
less abortion procedures are performed in the first 
trimester in recognized clinics under hygienic condi- 
tions, pelvic infection will be a common occurrence, 
with subsequent secondary infertility, menstrual disor- 
ders, and lower abdominal pain. | 

This article reviews the general experience of the 
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gynecologic service of the Kasturba Hospital with re- 
spect to selected etiologic and clinical aspects of pelvic 
infections. 


Method 


For all patients admitted to the gynecologic service of 
Kasturba Hospital, recording of a history and a com- 
plete physical examination, including a pelvic exami- 
nation, are done routinely. In addition, the following 
tests are performed: (1) blood—hemaglobin, white cell 
differential count, erythrocyte sedimentation rate, 
VDRL,* and blood culture, when indicated; (2) 
urine—routine, microscopic, and culture, if necessary; 
(3) wet smear for Trichomonas and monilial infection; . 
(4) Gram stain for gonococcal infection; and (5) high 
vaginal swab for culture and sensitivity, 

All patients with pelvic infections present on admis- 
sion or developing as a result of gynecologic interven- 
tions received medical therapy consisting of antibioucs. 
Penicillin, streptomycin, and chloramphenicol] (in se- 
verely ill patients) were used initially until the results of 
culture and sensitivity testing were known. Some pa- 
tients also received antiinflammatory medications such 
as cortisone. Pelvic diathermy occasionally was done in 
cases of chronic infection. Surgery was reserved for 
patients who failed to respond to medical therapy. 

Diagnostic laparoscopy was performed when the 
diagnosis was in doubt, in case of unexplained infer- 
tility, for menstrual disorder, for primary and 
secondary amenorrhea, and in some patients com- 
plaining of pain without positive findings om pelvic 
examination. 


*Venereal Disease Research Laboratories. 
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Table I. Pelvic infection (PI) rate in gynecologic 
patients sorted by surgical and nonsurgical causes 


No. of 
patients | No. of PI (%) 


Causes of PI 
Surgical interventions: 
I. Vaginal sterilizaton 1,718 167 (3.7) 
2. Vaginal sterilization with 724 108 (25.0) 
medical termination of preg- 
nancy . 
3. Laparoscopy sterilization 13,924 118 (0.85) 
4. Laparoscopy sterilization 2,194 41 (1,9) 
with medical termination of 
pregnancy 
5. Abdominal sterilization 3,388 100 (2.95) 
6. Minilaparotomy 469 > 8 {L7 
7. Minilaparotomy with medical 111 12 (10.8) 
termination of pregnancy 
8. Culdoscopy 152 5 (2.3) 
9. Medical termination of preg- 4,338 _130 (€.3) 
nancy 
Subtotal 27,018 689 (2.5) 
Nonsurgical interventions: 
10. Abortions inclucing septic 14,769 317 (2.1) 
11. Intrauterine device 106,580 405 (0.38) 
12. Puerperium NA* 233 
13. Infertility NA _156 
Subtotal NA LII 


*Number not available. 


Results 


During the 5 year period from 1975 to 1979, 68,308 
patients were admitted to the gynecologic service. 
Among these were 1,800 patients (2.8%) with pelvic 
infections. Their ages varied between 19 and 35 years 
and included both nulliparous and multiparous wom- 
en. Table I summarizes the number and rate of pelvic 
infections (PIs) in women undergoing gynecologic sur- 
gery by type of surgical procedure. This table also in- 
cludes the additional conditions associated with FI, 1.2., 
abortions, insertion of intrauterine devices, puer- 
perium, and infertility. A total of 27,018 women un- 
derwent a surgical procedure and pelvic infectians de- 
veloped in 689 (2.6%). Patients who underwent sterili- 
zation by vaginal iubectomy and minilaparotomy with 
abortion had the highest PI rate (9.7% and 10.8%, re- 
spectively). 

Symptoms and signs in women with PI are presented 
in Table II. Lower abdominal pain is the most common 
symptom while vaginal discharge, tuboovarian masses, 
and pelvic cellulitis were the most common signs. 

A total of 540 women (30%) underwent diagnostic 
laparoscopy. The findings are presented in Table III. 
Tubo-ovarian masses or hydrosalpinx associated with 
Pl occurred in 27.9% of the women. Abdominal tuiber- 
culosis was diagnosed in 4.8%. 

Medical therapy failed in 80 cases (4.4%). Total hys- 
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Table II. Predominant symptoms and signs among 
1,890 women with pelvic infections 






No. of cases with 
a predominant 


symptom or sign . 






Symptoms 
A>dominal pain 360 
Ir-fertilitvy, primary and secondary 130 
Amenorrhea 64 
Signs 
Tubo-ovarian mass, pelvic abscess, 400 
and cellulitis 
Vaginal discharge 400 
Fever l 280 
B.eeding per vagina 110 
Severe anemia . 30 
Peritonitis with gastroenteritis 20 
Bartholin abscess 5 
Septicemia with renal failure. | 





Table III. Diagnostic laparoscopy results, 540 cases 


Cases %, 
Pelvic infection with iubo-ovarian mass or 130 27.9 
hydrosalpinx 
Genital or abdominal tuberculosis 26 4.8 
Cther . 384 67.4 
Total 540 100 


Table IV. Deaths due to pelvic infection 


Specific cause 


Septic-induced abortion 20 46.5 
Puerpural sepsis 12 27.9 
Others 11 25.6 
Total 43 100 


terectomies were necessary in only 10 women; the re- 
indinder responded to more conservative measures 
such as removal of tubo-oyarian masses, needle colpo- 
tomy, abscess drainage, and other repair procedures. 
Table IV summarizes the cause of death among the 
1,800 patients with PI. The mortality rate was 2.4% (43 
wemen) with, the majority (46.5%). succumbing to in- 
fection resulung from septic and mdiuced abortions. 


Discussion l 

As our data demonstrate, pelvic infections are com- 
mon in young women. Excluding PI following sterili- 
zation by tubectomy, many diagnoses of PI were made 
in women who were of low parity or in infertile women. 

The most common infecting organisms were Es- 
cherichia coli arid anaerobic bacteria. Isolation of N. 
go-rrhoeae was uncommon either because patients ig- 
nere their symptoms and do not attend our clinics or 
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they seek treatment at near by pa venereal disease 
clinics. 

In India, intrauterine devices (IUDs) are commonly 
used contraceptives. The incidence of PI following in- 
sertion was low (C.38%) compared to rates reported by 
Gulati and Kapoor’ and Wilson and associates? (2.4% 
and 7.7%, respectively). Patients who underwent tubec- 
tomy following removal of their IUDs showed a higher 
incidence of PI. . 

Bécause of the high incidence of PI following sterili- 
zation by vaginal tubectomy, this procedure has virtu- 
ally been abandoned in Kasturba Hospital. 

In spite of liberalized. abortion laws, ` septic-in- 
duced abortion is still common, and patients often 
are admitted in advanced moribund conditions result- 
ing from widespread infection. Almost half of the 
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deaths occurred in women with septic-induced abor- 
tions. This condition was seen most frequently in un- 
married, young women in whom the abortion was per- 
formed in the second trimester by untrained persons. 

Puerperal sepsis is common since many patients’ 
babies are delivered at home under less-than-ideal 
conditions. These women seek care when their condi- 
tions become serivus and death may result. 

Medical therapy was successful in the vast majority of 
our cases, and we recommend surgery only for treat- 
ment failures. We urge complete treatment following 
adequate diagnostic evaluation to prevent the occur- 
rence of resistant organisms. In addition, public edu- 
cation, personal hygiene, early medical care, and sex 
education in schcols may be effective in reducing the 
incidence of pelvic infections. 


tract infection with an intra-uterine contraceptive device, a 
histopathologic study, Proceedings of the Sécond Interna- 
tional Conference on Intra-Uterine Cortraceptior, New 
York, Oct. 2-3, 1964, International Congress Serial No. 86, 
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Pelvic infections following gynecologic procedures 


in Bangladesh 


S. FIROZA BEGUM, M.D. 


Dacca, Bangladesh 


Data were collected to establish the rate of pelvic infection follwing various gynecologic 
procedures, including postpartum intrauterine device (IUD) insertions, IUD insertion following 
menstrual regulation procecures, IUD insertion in women who were not recently pregnant, and 
induced and spontaneous abortions. The pelvic infection rate was only 1% in 37 women who 
underwent postpartum IUD insertions. The infection rate was related to the timing of- IUD insertion 
and the type of IUD used. Finally, the pelvic infection rate was unacceptably high (10.3%) in women 
undergoing induced abortions vs. women having Spona abortions (1. 1%). (AM. J. OBSTET. 


GYNECOL. 138:875, 1980.) 


PELVIC INFECTIONS are common problems in devel- 
oping countries. Many events, such as the insertion of 
an intrauterine contraceptive device (IUD), delivery of 
a baby, spontaneous or induced abortions, and gyneco- 
logic manipulations, may increase the risk of pelvic in- 
fection. Although the presence of an IUD may increase 
the risk of pelvic infection, the rate of infection may 
vary depending on the timing of IUD insertion in reld- 
tion to other gynecologic events. In the event of an 
incomplete abortion, the probability of a: subsequent 
pelvic infection may vary depending on whether the 
abortion was induced or spontaneous. . 

Data were analyzed from the Dacca Medical College 
Hospital Obstetrical Department and the Mohammad- 
pur Model Clinic to evaluate the association between 
pelvic infections and two gynecologic events: (1) IUD 
insertion following (a) menstrual’ regulation broce- 
dures and (b) childbirth and (2) spontaneous and in- 
duced abortions. '- 


Methods and material 


The IUD insertion data from the E 
Model Clinic were collected as a part of a comparative 
study of Copper-T vs. Lippes loop IUDs, among two 
acceptor categories, women who had uridergone a 
menstrual regulation procedure (post-MR) and women 
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who were net recently pregnant (interval). For the in- 
terval category, the IUD was inserted within the first 7 
days of a menstrual cycle, and for the post-MR cate- 
gery, the IUD was inserted within. an hour of a men- 
strual regulation procedure in the Clinic. “Women in 

beth categories were given either a Lippes loop, size C; 
or a Copper-T 220C as indicated By predetermined 
random allocation cards. 

Data’ were collected to determine the incidence of 
pe.vic infection following postpartum IUD insertion in 
the Dacca Medical College Hospital. Our sample in- 
cluded 97 women who accepted the postpartum inser- 
tion of a Lippes loop, size D, with three—catgut suture 
excension. The IUD was inserted manually (without 
the help of any inserter) immediately after et pulsion of 
the placenta following childbirth. 

ata also were collected on incomplete abortions as 
part of a hospital abortion study. This study included 
1,003 patents admitted to the Dacca Medical College 
Hospital for management of incomplete abortion, 
either induced or spontaneous. l 

All study data were recorded on the standard 
International Fertility Research Program (IFRP) 
fo-ms. The data recording was monitored by local fer- 
tikty research staff, and later the data were analyzed at 
IFRP in Research Triangle Park, North Carolina: 


Results 


Table I presents the incidence of pelvic infection fol- 
lowing insertion of Copper-T and Lippes loop IUDs in 
pcst-MR and interval patients. The infection rate for 
the Copper-T IUD was somewhat higher than that for 
the Lippes loop IUD (approximately 1.7 times greater). 
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Table I. Incidence of pelvic infection among post-MR and interval IUD acceptors with relative risk, 


Copper-T Lippes loop Total 


95% confidence interval 


Timing of IUD insertion 


Post-MR . . 172 7.5 (13) 
Interval 115 3.4 (4) 
_ Relative risk l 2.2 
95% Confidence interval (0.0, 9.2) 
P 0.162 


% Infected 
- 179 5.0 (9) 352. 6.3 
119 0.8 (1) 234 2.1 
6.2 3.0 
(0.6, 7.7) (1.0, 7.3) 
0.05 0.102 





Table II. Incidence of infection among induced and 
spontaneous abortion patients in Dacca Medical 
College Hospital 






Abortion patients (N = 1,003) 








Type of 
Induced 243 25 © 103 
Spontaneous 760 8 1.1 





However, this difference was not found to be statisti- 
cally significant. On the other hand, the infection rate 
was considerably greater among post-MR patients 
compared to interval patients for both types of IUDs 
(7.5% vs. 3.4% among Copper-T acceptors and 5.0% 
vs. 0.8% among Lippes loop acceptors). Overall, the 
risk. of pelvic infection for post-MR patients was 
threefold that for interval patients (95% confidence in- 
terval, 1.0 to 7.3). The difference in the infection rate 
between post-MR and interval cases among Lippes loop 
users was statistically significant (95% confidence inter- 
val, 0.6 to 7.7). 

Of the 97 women who accepted the postpartum in- 
sertion of a Lippes loop, only one (1%) developed a 
pelvic infection. This infection rate is somewhat com- 


parable to the infection rate among interval IUD users - 


(2, vee 


Table I] presents the incidence of pelvic infection 
among patients with induced and spontaneous abor- 
tions. Among women with induced abortions, 10.3% 
had pelvic infections compared to only 1.1% of the 
patients with spontaneous abortions. 


Discussion 

A higher rate of infection among post-MR IUD users 
apparently would suggest that women desiring a IUD 
for contraception following an MR procedure should 
postpone insertion of the IUD for a few weeks. How- 
ever, this conclusion may not be valid given the possi- 
bility that the higher infection rate among posi-MR 
IUD users could be due either to IUD use in the post- 
MR period or to complications of the MR procedure 
itself. This question, however, could be answered by 
incorporating a contr ‘ol group of MR patients who are 
non-IUD users. Unfortunately our study did not con- 
tain such a group. 

The higher infection rate among patients with in- 
duced abortion is due understandably to the un- 
hygienic and unsanitary abortion procedure. There- 
fore, by substituting the modern abortion induction 
techniques for unhygienic indigenous abortion proce- 
dures, it should be possible to substantially reduce the 
rate of pelvic infection. | | 


Etiologic factors in pelvic inflammatory disease in 


Sudanese women 


HAMID RUSHWAN, M.D., M.R.C.O.G. 


Khartoum, Sudan 


Pelvic inflammatory disease constitutes a major gynecologic prcblem in the Sudan as in most 
African countries. This article reviews studies of three important causes of PID involving Sudanese 
women. Women who attended the gynecologic clinic of Knartoun Hospital with a cornpiaint of 
vaginal discharge were tested for gonococcal infection to evaluéte this potential etiology; only 1.4% 
of these women had gonorrhea. Since septic abortions also result in PID, we studied 2,447 women 
admitted to Khartoum hospitals in 1976; only 0.4% of these women had had septic abortions. 
Female circumcision, which is widely practiced in the Sudan, is :he subject of an ongoing 
epidemiologic study. The clinical impression is that this harmful tradition is an important cause 

of PID among Sudanese women. (AM. J. OBSTET. GYNECOL. 133:877, 1980.) 


PELVIC INFLAMMATORY DISEASE is one of the 
persistent clinical problems that faces the Sudanese 
gynecologist in his ordinary practice. It is estimated 
that about one third of the women reporting to gyne- 
cology clinics in the major hospitals suffer from PID or 
its sequelae, mainly infertility. This, of course, imposes 
an even greater burden on the already scarce and 
deficient health facilities of the country. Itis incumbent 
on the professional cadres delivering medical care to 
the community to evaluate the. problem, determine its 
magnitude, and suggest ways for its prevention. 

This article discusses PID in Sudanese women with 
regard to three etiologic factors: prevalence of gono- 
coccal infection, abortions, and female circumcision. 


Sexually transmitted diseases 


It is recognized that sexually transmitted diseases 
(STDs) are often the cause of PID. To discover the 
importance of STD, women reporting with vaginal dis- 
charge to Khartoum Teaching Hospital were referred 
to a special clinic where proper examinations and bac- 
teriologic tests were performed. 

A study was made of 147 patients who were between 
15 and 45 years old, with 75% between the ages of 20 
and 30 years.' Ninety percent of these women were 
married and 60% had children. Only six patients were 
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Table I. Isolation of genital organisms from 
Sudanese women with vaginal discharge at Khartoum 
Teaching Hospital, 1976 






Patients (N = 147) 


Organism 
Candida species 48 32.6 
Trichomonas vaginalis l 13 . 88 
Candida and Trichomonas vaginalis 5 3.4 
Neisseria gonorrhoeae 2 1.4 
Gram-positive bacilli 45 30.6 
Wo organism isolated 34 23.0 


taking contraceptive pills and four were wearing an 
intrzuterine contraceptive device. All but one of the 
patients were circumcised; the pharaonic type was the 
mos: common by far. 

Neisseria gonorrhoeae was isolated from only two 
women (1.4%) with vaginal discharge in our study and 
trichomoniasis was discovered in only 18 (12%) (Table 
I). This is in sharp contrast to the epidemic rates of 
gonorrhea reported throughout Europe and North 
America.” We attribute this to the fact that the majority 
of tkese patients were married and had stable sexual 
relat.onships. However, more elaborate studies with 
larger patient samples and appropriate laboratory 
screening outside hospital clinics will be needed to 
draw concrete conclusions for the Sudan. 


Hospital abortion 


Septic abortions are considered among the most 
sericus etiologic factors involved in PID. 
In Khartoum in 1976, 2,447 patients treated for in- 
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Table II. Distribution of 2,447*women at admission to Khartoum Hospitals by abortion type, 1976 


Omdurman Khartoum 
(N= 707) — |General(N =931)| North (N = 809) 


a |u] s |u] a|] 


Type of abortion 


cx 
Spontaneous, incomplete 683 
Induced 20 
Spontaneous, incomplete with systemic condition 4 


complete abortion were followed to evaluate the clinical 
management and complications of this condition.® 
Most of the 2,447 abortion cases were the spontaneous, 
incomplete type and very few were induced abortions, 
possibly due to the existing restrictive abortion laws in 
this country (Table II). 


Septic abortion was diagnosed when patients had a 


temperature of =100.4° F for 2 days or a single tem- 
perature reading of 102° F. Some cases with tempera- 
ture criteria were not diagnosed as septic aboriion 
when a common cause of fever (e.g., malaria) was rec- 
ognized. However crude these criteria, only 10 cases 
(0.4%) of septic abortion were identified. When com- 
pared with similar studies in other countries, this is an 
exceptionally low incidence of septic abortion.*-* In a 
comparison between the patients in this study and pa- 
tients in a similar study in Jakarta, Indonesia, it was 
found that 17.1% of the cases seen at the Jakarta 
hospital were septic. This difference might be due to 
the incidence of illegally induced abortion in the two 
areas or a difference in the patients’ access to hospital 
care. The widespread use of antibiotics and their 
availability without prescription in the Sudan might 
mask cases of septic abortion among patients with il- 
legally induced abortions, prior to their admissicn to 
the hospital. In fact, the usual practice of persons per- 
forming illegal abortions seems to be to administer an 
antibiotic cover to reduce the possibility of infection. 
Further studies must evaluate the incidence of septic 
abortions using more refined criteria. Also, a long-term 
follow-up of patients with septic abortions is needed to 
determine the incidence of PID and its sequelae. 


Female circumcision 


Female circumcision is one of the harmful traditional 
practices still practiced widely in the Sudan. It is per- 
formed on girls 7 to 9 years of age in three types of 
procedures: 

l. Sunna circumcision involves removal of the pre- 
puce and tip of the clitoris, an operation that requires 
some skill. 

2. Excision or clitoridectomy (most frequently per- 


Khartoum Three-Town City 


(N = 2,447) 


96.6 921 98.9 791 97.8 2,395 97.9 
2.8 7 0.8 6 0.7 33 1.3 
0.6 3 0.3 12 1.5 19 0.8 


formed) includes excision of the clitoris, labia minora, 

and sometimes all external genitals. S| 

3. Infibulation or pharaontc circumcision (excision and 
infibulation, formerly the most common type in the 
Sudan) involves removal of the entire clitoris, the entire 
labia minora, and the adjacent medial parts of the labia 
majora in their anterior two thirds at least. The two 
sides of the vulva then are brought together by silk or 
catgut sutures, obliterating the vaginal introitus except 
for a small opening posteriorly to allow the passage of 
urine and later of menstrual flow. 

This practice has a number of complications which 
can be summarized: 

l. Immediate: shock due to pain and/or hemorrhage; 
infection of the wounds; urinary retention; damage 
to urethra or anus; and hematocolpos 

2. Late: keloid formation and implantation dermoid 
cysts, including abscesses; chronic pelvic infection; 
calculus formation; dyspareunia; infertility; urinary 
tract infection; and difficulty of micturition 

3. Obstetric: perineal laceration; consequences of an- 
terior episiotomy including blood loss, injury to the 
bladder, urethra, or rectum, and puerperal sepsis; 
delay in labor and its consequences; vesicovaginal 
fistula, rectovaginal fistula; fetal loss; and fetal brain 
damage. 

PID seems to be one of the complications of female 
circumcision. Shandall’ reviewed 436 cases of non- 
tuberculous chronic pelvic infection. He noticed that 
the incidence of PID in patients with pharaonic cir- 
cumcision was more than three times that in the sunna 
circumcision group. He suggested that infibulation 
causes PID in three ways: (1) infection at the time of 
circumcision resulting from the septic conditions under 
which this operation is performed, (2) interference 
with drainage of urine and secretions from the vagina, 
which might result in endometritis and adnexal infec- 
tion, and (3) infection of the split and resutured cir- 
cumcision wound after labor. (The scar is split toward 
the end of the second stage of labor and the circumci- 
sion wound is resutured after labor.) 

Although there is controversy abcut the relation of 
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circumcision to PID, it is now generally recognized to 
be an important etiologic factor for PID. When consid- 
ering the medical problems of women following this 
practice, PID should be included. I feel circumcision is 
the cause of a great deal of suffering among Sudanese 
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women. A more rigorous study is now in progress in 
the Sudan to evaluate the complications of this practice 
more precisely. There is also a plan to review the at- 
titude of the society in an effort to formulate ways of 
abolishing this custom. 
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EPIDEMIOLOGY 





Incidence, prevalence, and trends of acute pelvic 
inflammatory disease and its consequences in 


industrialized countries 


L. WESTROM, M.D. 
Lund, Sweden 


Pelvic inflammatory disease is used herein synonymously with acute salpingitis. In modern 
industrialized countries, the annual incidence of PID in women 15 to 39 years of age seems to be 
10 to 13 per 1,000 women, with a peak incidence of about 20 per 1,000 women in the age group 20 
to 24 years. Since 1960 an increase in incidence ay a factor of 1.6 to 1.9 has been observed in the 
age group 20 to 29 years. The incidence of PID js correlated strongly with the prevalence of 
sexually transmitted diseases, although a fraction of the infections might be of endogenous origin. 
Use of intrauterine contraceptive devices and operations for legal abortions contribute to the 
increase in incidence. The prevalence of women in the post-PID state has increased by a factor of 
about 1.5 since 1960. Women in the post-PID state have a tenfold increased risk for ectopic 
pregnancy and 25% of the increase in ectopic pregnancy can be accounted for by the increase in 
post PID women. Infertility after PID ranges between 5.8% and 60% depending on severity of 
infection, number of infections, and age of the woman. The fraction of women rendered infertile 
because of PID has increased by a factor of about 1.6 since 1960. (AM. J. OBSTET. GYNECOL. 


138:880, 1980.) 


NONTUBERCULOUS infections of the pelvic organs 
are common in young women. There is general agree- 
ment that the vast majority of such infections are 
caused by ascending spread of an infection in the lower 
genital tract. * In some cases of pelvic infection, the 
woman’s future reproductive ability will be impaired. 
In this respect, the infections of the fallopian tubes 
(salpingitis) are the most important. Postinfection tubal 
damage is an etiologic factor in 30% to 40% of cases of 
female infertility? 4 and in 40% to 50% of cases of 
ectopic pregnancy.” ê There is a consensus of opinion 
that the incidence of tubal infections currently is in- 
creasing, and, consequently, the prevalence of women 


From the Department of Obstetrics and Gynaecology, 
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' with postinfection tubal damage. The increased num- 


ber of tubal infections has been “explained” by refer- 
ring to the current epidemic of sexually transmitted 
diseases (STD) and the fact that a large proportion of 
salpingitis cases are caused by microbia. agents that are 
transmitted during sexual intercourse, 

It has been questioned whether the postulated 
epidemic of pelvic infections has a causal relationship 
to the increases observed during the last decade in ec- 
topic pregnancy” ® and female infertility.? For many 
reasons, analyses are difficult to perform on the preva- 
lence and trends of the pelvic infections and their se- 
quelae and, consequently, on their impact on modern 
society. 


Terminology and definitions 

For practical purposes, mainly because an exact 
diagnosis is not always possible, the pelvic infections— 
including salpingitis—often are grouped together 
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Table I. Correlation between clinical criteria for PID and the final laparoscopic diagnosis 


Criteria for 
suspicion of tubal infection 


Minimum: all three of (1) signs of genital infection, 
(2) low abdominal pain, and (3) pelvic tenderness 
In addition: one or more of (1) erythrocyte sedimentation 
rate >15 mm/hr, (2) rectal temperature >38.0° C, 
and (3) palpable adnexal mass 
Minimum +1 
Minimum +2 
Minimum +3 


Laparoscopic diagnosis {100 cases 
E 
Tebal infectior. salpingitis cases 


6l 39 16.1 
68 32 28.3 
90 10 38.7 
96 4 16.9 





using the term “pelvic inflammatory disease.” Unfor- 
tunately, this is a term that lacks a precise definition. In 
official reports, PID usually includes one or more of 
the World Health Organization (WHO) International 
Classification of Diseases (ICD) groups 612, 613, 614, 
and 616 (acute, chronic, and unqualified salpingitis and 
diseases of the parametritum and pelvic peritoneum, 
respectively). This definition of PID includes some 
noninfectious disorders such as pelvic adhesions and 
so-called chronic salpingitis, whereas in’ many reports 
gonorrheal infections (ICD098) as well as salpingitis 
after abortions (ICD645) are excluded. 

In the clinics, PID usually is used to define an acute 
febrile illness in a woman with pelvic pain and signs of a 
genital infection. Using this definition, many cases of 
mild salpingitis are excluded. In our experience, many 
cases of salpingitis are afebrile and have a very benign 
clinical course. . 

This uncertainty of definitions highlights the most 
difficult problem pertaining to epidemiologic studies 
on acute salpingitis, viz., our lack of simp:e, safe, and 
specific diagnostic methods. Consequently, the criteria 
used to define the condition vary. 

In the following discussion, the term PID will be used 
synonymously with acute salpingitis despite the fact 
that the different reports referred to might include 
other diseases as well as exclude some salpingitis cases. 


Pathophysiologic and etiologic aspects 


It is customary to subdivide acute salpingitis into 
“gonococcal” salpingitis and “nongonococcal” salpin- 
gitis, depending on whether or not gonococci can be 
isolated from the lower genital tract. Reports from the 
last decades have clearly demonstrated that acute sal- 
pingitis has a multifactorial microbial etiology,'® " and 
that sexually transmittable agents other than Neisseria 
gonorrhoeae, such as Chlamydia trachomatis ® and My- 
coplasma hominis,'* ‘> might be isolated from the fallo- 
pian tubes in cases of PID. Furthermore, anaerobic 
bacteria have been isolated from cul-de-sac aspirates in 
some PID cases.'® '? Many of these anaerobic species 


belong to the endogenous vaginal and perianal flora."® 

The vast majority of salpingitis cases are caused by 
ascending spread of an infection from the lower genital 
tract. ? The mechanisms of the ascent of the cervical 
infection to the tubes are, however, not fully under- 
stocd. It has been suggested’? that a “cervical resistance 
factor” protects the individual against ascent of a cervi- 
cal infection. This factor should disappear during ovu- 
laticn and menstrual bleeding. This hypothesis fits with 
the observation that salpingitis—especially in cases 
with cervical gonorrhea—often appears at menstrua- 
tion. t> 8 and that the use of oral contraceptives—which 
irihi 3it ovulation——-seems to protect women from ascent 
of a cervical infection." 2! Because salpingitis is not 
seen in women who are not sexually active,” 23 it has 
been suggested” that uterine coital contractions facili- 
tate the spread of cervical contents into the uterine 
cavity and further to the tubes. 

In some cases, latrogenic procedures such as legal 
abortions and insertion of intrauterine contraceptive 
devices (IUDs) can cause an unrecognized infection in 
the cervix to spread to the uterine tubes.” 

A small proportion of the tubal infections are caused 
by direct spread from a primary focus outside the geni- 
tal tract, usually the appendix.” 

For a better understanding of the epidemiology of 
acute PID, it seems logical, therefore, to subdivide the 
salpingitis cases into: 

I. Primary salpingitis—an infection which ascends from 
the lower genital tract. This type can be caused by: 

A. Exogenous agents or factors 

1. Venerecl PID, i.e., infections caused by sexually 
transmitted microorganisms 

2. Iatrogenic PID, i.e., spread of a cervical infec- 

-tion to the uterine tubes by diagnostic or ther- 
apeutic procedures or by IUD insertions 

B. Sndogenous agents, i.e., ascending spread of the 

endogenous vaginal or perianal flora 
Il. Secondary salpingitis—an infection of the fallopian 
tukes caused by direct spread from nearby pelvic or- 
ganis, most often the appendix 


882 Westrém 


Incidence/1,000 women Age 
group 


20-24 
15-19 


15-39 


25-29 


30-34 
35-39 





1960-64 1965-69 1970-74 1975-79 year 


Fig. 1. Mean total annual incidence of acute salpingitis per 
1,000 women in the city of Lund during the periods 1960-64, 
1965-69, 1970-74, and’ 1975-79. 


From an epidemiologic point of view, it seems logical 
to assume that the primary endogenous infections as 
well asthe secondary infections should show a rela- 
tively constant prevalence, whereas the “venereal” and 
“iatrogenic” infections should vary with the epidemiol- 
ogy of the STDs in general as well as with the frequency 
of procedures such as IUD insertions” and (legal) 
abortions. l 

Therėfore, analyses of the aei of PID and 
its sequelae as well as its impact on the modern society 
should concern primarily the Sao between the 
STDs, “iatrogenic” Oey and PID. 


Incidence and trends of PID 


Factors influencing. the reported numbers of PID. 
As mentioned, our lack of ‘simple and specific dia; gnos- 
tic methods is the main obstacle for a true knowledge of 
the prevalence and trends of salpingitis. Routine use of 
laparoscopy on liberal -clinical grounds has revealed 
that the commonly used clinical criteria for the diag- 
nosis of tubal infections have`a low level of accuracy 
(Table 1): Many salpingitis patients - have atypical 
symfiptoms and signs of disease; indeed, some patients 
with tubal infection have no symptoms at all.!* 27 A 
consequence of the mildness of sapto of many 
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tubal infections is that patients consult dọctors in places 


_ other than hospital emergency rooms, often are treated 


onan outpatient basis, and are never reported as hav- 
ing salpingitis. Asa result, underreporting t 1s common. 
Furthermore, because many of the clinically benign 
salpingitis cases are caused by Chlamydia trachomatis,” 
our analyses of the relationship between STDs and PID 
are distorted. 

Educational levels of both patients and doctors and 
economic factors also influence the patient to consult a 
doctor and the doctor to report the case. Differences in 
the organizations and capacities of the health care sys- 
tems as well as the reporting systems make comparisons 
between different countries and regions difficult or 
impossible. 
= Because of these difficulties, reported prevalence 
data for PID are estimates extrapolated from small 
samples ‘or calcu.ations based on reported figures on 
uncomplicated gonorr hea, gonococcal PID, and hospi- 
talized patients with PID. 

Ideally, determinations of the incidence of salpingitis 
should be based on case reports confirmed by laparos- 
copy utilized on liberal clinical criteria for all women 
presenting with symptoms suggestive of a tubal infec- 
tion. To our knowledge, this approach has been the 
rule only in our hospital catchment region (discussion 
to follow). 

Reported figures on the incidence of PID from in- 
dustrialized countries. Between the two world wars, 
the number of women hospitalized with PID (suppura- 
tive adnexitis) decreased in most: European coun- 
tries.” °° In those days, 30% to 80% of the PID cases 
were associated with gonorrhea.” Much of the de- 
creasé in the immediate pre-World War II era was 
ascribed to-the advent of chemotherapy. 

After World War II, a steady increase in the number 
of women hospitalized with PID was observed i in most 
European countries. The major part of this increase 
was seen during the last two decades. Much of the i in- 
crease can be attributed to elimination of economic fac- 
tors, i.e., to betzer social eeu systems with, for in- 
stance; free hospital care. 

Attention also has been drawn to the epidemic of 
STD, especially gonorrhea, during this period. In the 
Scandinavian countries and England and Wales, the 
reported number of cases of. gonorrhea has trebled 
since the mid- 1950s. From 1973 to 1976, the mean an- 
nual rates of reported cases of gonorrhea per 100, 000 
population were 300 to 350 in the Scandinavian coun- 
tries; 120 to 230 in Germany, England and Wales, and 
Northern Ireland; 34 in France; and between eight and 
11 in the Cathclic countries ats Spain, Portugal, Ire- 
land, Belen) = 
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Incidence/1,000 women Age 
= ` group 


15-19 


20-24 





1960-64 1965-69 1970-74 1975-79 year 


Fig. 2. Mean annual incidence of first episodes of salpingitis 
per 1,000 women in the city of Lund during the periods 
1960-64, 1965-69, 1970- 74, and 1975-79. 


However, the incidence of not only gonococcal- 
associated PID but also nongonococcal PID has in- 
creased,” and a trend toward a lower proportion of 
gonococcal PID has been reported.” * 


From 1950 to 1965, a doubling of the number of 


hospital-treated PID patients was obsetved in the 
Scandinavian countries.” *! In England and Wales, 
hospital discharges due to PID (ICD groups 612 to 614) 
per 100,000 women mieased from 1964 to 1972 by a 
factor of 1.3. 

In Europe, as in the United States, PID is not a re- 
portable condition, and there are, to our knowledge, 
no European estimates of the total prevalence of sal- 
pingitis, apart from those made by us. At the Depart- 
ment of Obstetrics and Gynecology in Lund, Sweden, 
we have studied various aspects of PID since 1950. 
Earlier, we published a demographic description of the 
city and its population changes since 1960.”* In brief, 
the city of Lund is dominated by public institutions and 
a university, but has no major industry. The registered 
population on December 31, 1979, was 78,678 persons. 
The number of women between 15 and 39 years of age 
increased from 12,077 in 1960 to 16,411 in 1979. Be- 
cause of the university, the age group 20 to 29 year's 
dominates the female population. Our clinic is the only 
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Fig. 3. Age-specific rates of PID per 1,000 women in Atlanta, 
Georgia, and Lund in 1965. Solid line, Wright and Laemmle in 
Atlanta, first episodes (Aw. J. Osster. GYNECOL. 101:979, 
1968); broken line, Westr6m in Lund, total incidence; dotted 
line, Westrém in Lund, first episodes. 


gynecologic clinic in the city, and all women with gyne- 
cologic complaints, including all cases of assumed sal- 
pingitis, are referred to the clinic for examination. The 
patient data analyzed here include all women between 
15 ard 39 years of age; registered in the city, in whom 
acute salpingitis was diagnosed from 1960 through 
1979. The diagnosis of salpingitis was verified routinely 
by laparoscopy. Laparoscopy was performed within 24 
hours of admission to the hospital and before any 
treatment was instituted. The laparoscopic technique, 
the criteria for performing a laparoscopy, the criteria 
of a laparoscopic diagnosis of salpingitis, and the grad- 


_ ing of the inflammatory reactions of the fallopian tubes 


as seen at laparoscopy have been described in detail 
elsewhere. th 23 33 

During the period of study 2,776 episodes of acute 
salpirgitis were diagnosed in 2,193 women in Lund. 

The total annual incidence of PID per 1,000 women 
15 to 39 years of age increased from 8.3 in 1960-64 to 
10.7 in 1970-74. Thereafter it decreased to 10.0 in 
1975-79 (Fig. 1). As can be seen from the figure, the 
incidence was highest in the age groups 15 to 19 and 20 
to 24 years. The increase was most marked in the age 
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groups 20 to 24 and 25 to 29 years {increases by factors 
of 1.4 and 1.8, respectively). After 1974, a slight de- 
crease was observed in women between 20 and 29 years 
of age, whereas an Increase was noted in the teenage 
group and in women 30 to 34 years of age (Fig. 1). 

Throughout the period of study, the annual inci- 
dence of first episodes of PID (Fig. 2). was highest in the 
teenage group; thereafter it decreased with increasing 
age of the women. Like the total incidence, the inci- 
dence of first episodes of PID increased most in the 
women 20 to 24 and 25 to 29 years of age (increases by 
factors of 1.6 and 1.9, respectively). 

The incidence of first episodes of PID also denotes 
the rate of women who have ever had salpingitis, 1.e., 
women in the post-PID state. For an epidemiologic 
analysis of the sequelae of PID, the magnitude of that 
fraction of women is most important. For example, 
from Fig. 2 it can be calculated that in 1969, 127 out of 
1,000 25-year-old women were in the post-PID state. In 
the age group 20 to 29 years, the prevalence of women 
in the post-PID state increased from 9.8% in 1960-64 to 
15.9% in 1975-79, 

Wright and Laemmle* estimated the incidence of 
PID in ‘an indigent population in Atlanta, Georgia, in 
1965. They found a peak incidence of 20.0 per 1,000 
women in the age group 20 to 24 years. A comparison of 
the age-specific annual incidences of PID between Lund 
and Atlanta in 1965 is shown in Fig. 3. There is a strik- 
ing similarity between the two estimates. 

Using data from the National Disease and Thera- 
peutic Index (NDT) study, as well as the Commission 
on Professional and Hospital Activities, Eschenbach 
and colleagues,?! using two methods, estimated the 
total number of PID cases in the United States from 
1970 through 1974 to be between 505,800 and 
555,814, These figures correspond to an annual inci- 
dence of 13.6 cases of PID per 1,000 women between 
the ages of 14 and 34 years.*! The corresponding 
figure for Lund during the same time period and in the 
same age group was 11.9 (Fig. 1.78 

Using our figure of 10.7 PID cases per 1,000 women 
per year in the age group 15 to 39 years and applying 
that figure to the total female population of reproduc- 
tive age in the United States (42 million in 1976), we 
arrive at a total number of 450,000 PID cases annually 
in this country. Based on the r eported number of cases 
of female gonorrhea in the United States, Urquhart® 
arrived at an estimated number of 800,000 PID cases 
annually (1979). 

The NDTI has estimated the rate of visits to office- 
based private physicians for PID (ICD groups 612, 613, 
614, and 616) to be about 35 visits per 1,000 female 
population 10 to 50 years of age in the early 1960s, 
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increasing to 45 in the early 1970s.° In 1973 to 1976, 
data from the National Ambulatory Medical Care Sur- 
vey produced a mean of 1,900,000 such visits annually. 
These figures might, however, overestimate the true 
number of women afflicted with acute salpingitis be- 
cause of the ICD diagnoses chosen and the fact that a 
disease period might include more than one visit. 

If we, as a conservative estimate, assume halt a mil- 
lion new cases of acute salpingitis annually in the 
United States, then a corresponding number of women 
will add to the prevalence of women in the post-PID 
state. If that rate continues, it is destined within a short 
period to bring the proportion of women of reproduc- 
tive age who are in the post-PID state to an aggregate 
level close to 15%, i.e., the same as in Lund (see previ- 
ous discussion). 
~ We know that at least one out of four women in the 
post-PID state will suffer from one or more of the se- 
quelae of chronic abdominal pain, infertility, and ec- 
topic pregnancy.** If we accept a figure of 10% to 15% 
of women of reproductive age as being in the post-PID 
state, then it is cbvious that PID has a great impact on 
the disease pattern, human suffering, and economy in 
modern society. | 


Factors influencing the epidemiology of PID 


STD and PID. Numerous reports have called atten- 
tion to the current worldwide epidemic of STD.® 46-40 
In women, STDs cause infections primarily in the 
lower genital tract. Consequently, the incidence of 
STD-related cervicitis and vaginitis currently is increas- 
ing. Salpingitis is caused, in the vast majority of cases, 
by ascending spread of an infection from the lower 
genital tract. ? Although direct proof of an STD- 
related increase in PID is lacking, there is indirect evi- 
dence that a large proportion—in some areas and age 
groups the majority—of PID cases are caused by agents 
that are transmittable via sexual intercourse. The fol- 
lowing are some of the main facts regarding STD and 
acute salpingitis: 

1. A large proportion of the microorganisms which 
have been isolated from the uterine tubes in cases of 
salpingitis are sexually transmitted. 1 41-44 

2. A causal relationship between STD and acute sal- 
pingitis was demonstrated in most PID cases in the age 
group 15 to 24 years in our area.” 

3. Some 10% to 19% of women with cervical 
gonorrhea develop acute salpingitis.” 2% 45 

4. Cervical gonorrhea has been diagnosed in half of 
all PID cases in some areas in the United States.” 

5. The age distribution of women with acute salpin- 
gitis corresponds to that of women who have STD con- 
fined to the lower genital tract.* 4% 1? 
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6. The prevalence of genital infections and their 
complications is related to the sexual activity of the 
individuals and to the numbers of sexual part- 
ners.’ #9 

7. Acute salpingitis is a rarity in women who are not 
sexually active.?™ ?3 

Among STDs which can give rise to salpingitis are 
Neisseria gonorrhoeae, Chlamydia trachomatis, and Myco- 
plasma hominis. 

Since 1960, the incidence of gonorrhea in the United 
States has increased by a factor of 2.7.°° During 1971- 
72, the number of hospitalized patients with PID 
increased in proportion to the increase in female 
gonorrhea.” In Sweden, the prevalence of uncompli- 
cated gonorrhea increased through the 1960s to an 
all-time high in 1970, followed by a decrease. The 
decrease was accompanied by a concomitant decrease 
in the annual incidence of gonococcal PID. 

However, uncomplicated gonorrhea in the female 
patient cannot be taken as a marker of the epidemic of 
PID in general. As is evident from Fig. 4, the incidence 
of gonococcal PID in Lund has decreased, whereas the 
total incidence of PID has increased. Furthermore, the 
rate of salpingitis in women with cervical gonorrhea 
has decreased in our region from 20.3% in 1960-64 to 
9.7% in 1975-79. Similar observations also have been 
made by others.*' 

Evidence that genital chlamydial infections are in- 
creasing can be found in the observed increase in non- 
gonococcal urethritis (NGU) in men. In 40% of the 
NGU cases, the cause is C. trachomatis? NGU has 
shown a three- to sixfold increase in different parts of 
the world during the last decade.3” 3% 5% 54 56 Chlamyd- 
ial infections of the cervix are reported with increasing 
frequency.** 5? 

In 1977, we isolated C. trachomatis from the uterine 
tubes in six out of 20 cases of acute salpingitis.” 
Further studies*~** 58 have established C. trachomatis as 
an important etiologic agent in PID. Over the last few 
years, we have collected evidence that more than half 
of the PID cases in women less than 25 years of age in 
our city were caused C. trachomatis.” 

During 1967-71, we studied the role of M. hominis in 
acute salpingitis.'* 4 The results suggested that during 
that period, M. hominis was associated with 10% to 15% 
of the tubal infections in our region.” 

These three microorganisms are transmitted during 
sexual intercourse. In our area these microorganisms 
have accounted for more than 75% of all PID cases in 
women less than 25 years of age during the last few 
years. In view of these interrelations between STD and 
PID, the current epidemics of genital chlamydia] in- 
fections and gonorrhea seem to predict a further in- 
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crease in the incidence-of PID and, consequently, an 
increasing prevalence of women in the post-PID state. 

From the aforementioned, it seems obvious that 
the STDs have an important—probably the most 
impor-ant—impact on the epidemiology of salpingitis. 
Therefore, any attempt to decrease the incidence of 
PID must start with attempts to decrease the incidence 
of STD in general. Furthermore, an etiologic diagnosis 
and epidemiologic follow-up, including partner treat- 
ment, are as important in PID as they are in STD in 
ger:eral. 

Age, sexual activity, and PID.'The age distribution of 
women with PID is the same as that in women with 
uncomplicated STD. 4 4° In our series, 68.9% of the 
total number of women with tubal infections were 
younger than 25 years. Of the total number of women, 
33.1% had their first infection before the age of 20 
years,” i.e., before starting their reproductive period in 
life. Among all infected women 74.4% were nullipa- 
rous. In view of this, it is obvious that the majority of 
cases of post-PID infertility will be primary infertility, 
Le, most women rendered infertile because of salpin- 
gitis will never have children of their own. 

In women who are not sexually active, e.g., nuns, 
ony tuberculous salpingitis and PID secondary to ap- 
pendicitis have been observed.” In 1964, Viberg? em- 
pkasized the nonvirginity of his patients with salpin- 
gitis. In our patients, all PID patients admitted coital 
experience and the clinical examinations revealed none 
of them to be a virgin.” 

In the female population, most women over 20 years 
of age are sexually active, whereas a large proportion 
of the teenagers are not. Therefore, the incidence 
figures presented (Figs. 1 and 2) are not comparable 
be:ween the age groups in terms of risk estimations for 
PID. Ina separate analysis of the salpingitis patients 15 
to 24 years of age during 1970-74, and based on de- 
terminations of the proportion of women of different 
ages with ccital experience,® we found a highly sig- 
nihcant decrease in the incidence of PID with increas- 
ing age in women who were regarded as sexually ac- 
tive.” Thus, the risk of acquiring salpingitis in sexually 
active 15-yezr-old girls was calculated to be 1:8, and in 
girls aged 16 years, 1:10. The incidence then rapidly 
declined and was 1:89 in women aged 24 years.” 

A correlation between early coital debut and promis- 
cuous sexual relations might explain the very high sal- 
pingitis incidence in sexually active teenage girls. In the 
study mentioned,” it was found that among 15-year- 
old girls with coital experience, 50% had had four or 
more partners during that year while only 20% of 
women 18 years of age were as promiscuous. 

In a survey of data presented on the sexual behavior 
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Table II. PID cases and rates per 100 women 20 to 29 years of age per year, by woman-years 
of method of contraception (Lund, 1970-74) 


Contraceptive users Non -contraceptive users 


l Barrier sexually Sexually |` 
Total IUD users OC users Users active inactive Pregnant 


Woman-years 41,930 2,935 16,311 7,044 5,032 5,031 5,577 
PID cases (no.) 571 153 148 98 172 0 0 


PID/100 woman-years 1.3€ 5.21 0.91 1.39 3.42 0 0 


of American college women,” it was found that until 
1965 a relatively constant 20% to 22% of such women 
had engaged in premarital sexual intercourse by the 
age of 20 years. After 1965 a rapid and significant in- 
crease to 40% to 44% was reported. It is obvious that 
such a change in sexual behavior in young women must 
have implications for the prevalence of STD in general 
and, hence, also for PID. 

“Iatrogenic” PID. Opening of the cervical canal or 
the introduction of foreign material into the uterine 
cavity facilitates ascending spread of infection from the 
cervix.® Such procedures include cervical dilatation, 
abortion, exeresis, curettage, tukal insufflation, hys- 
terosalpingography, and IUD insertion. The rates of 
infectious complications for such procedures depend 
on precautions and technique, buz usually are low. 

During the last two decades, the numbers of legal 
abortions and IUD insertions have reached such pro- 
portions that their immediate infectious complications 
might influence the epidemiology of PID. 

In our clinic, first-trimester legal abortions are per- 


formed using vacuum aspiration on an outpatient 


basis. We have observed a rate of about 10% immediate 
(within 5 days) febrile reactions after such operations. 
In cases of immediate postoperative febrile reactions, 
laparoscopy in all but one of 145 cases™ revealed nor- 


mal intrapelvic organs. True salpingitis usually appears- 


more than 5 days after the operation, and in general 
has a more insidious onset. In our experience with legal 
abortions, 0.5% are complicated with acute salpingitis 
within 3 weeks of the operation.” With nearly one mil- 
lion legal abortions annually (1976) in the United 
States, this corresponds to 5,000 cases of salpingitis 
each year. 

As to the IUDs, not only the procedure of insertion 
but also the use of the devices imply a risk of ascending 
spread of a cervical infection (discussion to follow). 

In our series of PID cases, “iatrogenic” factors pre- 
ceded the onset of PID within less than 4 weeks in 
about 12% of the cases.'" #4 Between 1960 and 1957, 
exeresis after spontaneous abortions accounted for six 


out of 10 such cases, whereas later, IUD insertions and 
legal abortions accounted for five and three out of 10, 
respectively.” 

Endogenous PID. In our series of PID cases, the rate 
of proven STD-associated PID was lower in the age 
groups 30 years and older than in women under 25 
years of age.’ + +8 This suggests that, from an etiolog- 
ic point of view, STDs are less important for PID in the 
somewhat older women. On the other hand, infections 
caused by anaerobic bacteria seem more prevalent in 
the older PID patients”? and also in women who have 
had two or more episodes of PID.“ The rationale for 
this might be that a post-PID uterine tube is more vul- 
nerable to infections by anaerobes.** Anatomic changes 
induced by pregnancy and delivery contribute to an 
easier access to the vagina for bowel flora. This might 
make possible an increased occurrence of a type of en- 
dogenous nonvenereal PID in women of comparatively 
greater age. 

Secondary PID. Pelvic infections originating in 
structures outside the genital tract were rare in our 
series (less than 1%). Such infections should, in any 
series, have a stable and low incidence. 

Contraceptive usage and PID. Several studies have 
revealed that IUDs were used significantly more often 
by women with PID than by control women.*» 65-68 
Statistical analyses have indicated that the risk of ac- 
quiring PID in nulligravid [UD-using women is seven- 
to ninefold that of nulligravid women who do not use 
IUDs.” 67. 68 Age, race, socioeconomic status, and sex- 
ual activity are also of importance for differences in the 
risks of PID in IUD users vs. nonusers. In Seattle, 
Washington, 22.3% of all cases of PID in 1972 were 
calculated to be directly caused by IUD use.” It also has 
been observed that use of oral contraceptives (OCs) was 
reported significantly less often by women afflicted with 
acute salpingitis than by control women.?" 65-87 

In a study from Linköping, Sweden,” comprised 
solely of women with cervical gonorrhea, it was found 
that IUD-using women developed salpingitis signifi- 
cantly more often than did those using OCs. The re- 


~~ 
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sults from this study argue against the suggestion that 
women’ choosing IUDs primarily originate from a 
group at higher risk of acquiring STD and/or PID. 
Table II presents data on the use of contraceptives 
among all 20- to 29-year-old women in Lund, 1970-74, 
compared with data on the use of contraceptives in 
patients with PID during the same period and in the 
same age group. It appears that the use of an IUD 
increased the risk of acute salpingitis, whereas the use 
of OCs or barrier methods seemed to protect the 
women from PID, when a comparison was drawn with 
the PID risk in sexually active women who used no 
contraceptive method. When the data in Table H were 
divided as to nulligravid and gravid women, the PID 
rates for the OC users, for users of barrier methods, as 
well as for the non—contraceptive users were the same 


as in the total sample. The risk of acquiring PID in | 


nulligravid IUD users, however, was 11.8 per 100 
woman-years of use and 3.4 (1.e., the same as in non- 
contraceptive users) for gravid IUD users. It shoulc be 
emphasized that sexually active women who use no 
contraceptive method constitute the correct reference 
group to be used when determining the effects of dif- 
ferent contraceptive methods on the epidemiology of 
genital infections. It also must be admitted that IUDs 
were used rather uncritically in young nulligravid 
women in our area at that time. 

‘Thus widespread use of IUDs might have an impact 
on the epidemiology of PID. Based on the figures of 
IUD usage among PID patients in Seattle and IUD 
usage in that region, calculated numbers of PID cases 
in the United States, and percent IUD usage in the 
United States, Eschenbach and associates”! calculated 
that in 1972, 110,000 PID cases per year were ac- 
counted for by IUD usage. Had those women used OCs 
instead of IUDs, about 80,000 of them would never 
had acquired PID (Table II). 

The protective effect of OC usage against the ascent 
of a cervical infection which is suggested by the epi- 
demiologic findings, might be explained by the main- 
tenance of the cervical mucus barrier throughout the 
menstrual cycle, the short, scant menstrual bleedings 
from an inactive endometrium, and decreased muscu- 
lar activity of the myometrium.” 


Sequelae to PID 


Mortality. The prognosis of acute salpingitis quo ad 
vitam is good. In 1930, Holtz’? reported a mortality 
rate of 1% in a series of 1,300 cases of nontuberculous 
salpingitis. Since the advent of antibiotic therapy, deaths 
have been reported only occasionally. Today, death 
from salpingitis generally is due to rupture of tubo- 
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ovarian abscesses with a’*generalized peritonitis.’ 7 In 
such instances, the mortality rate is still as high as 
8.6%.” In Sweden, one death from acute salpingitis has 
beer. reported since 1960. In our studies, the mortality 
rate was nil. 

Chronic abdominal pain. Women in the post-PID 
state who complain of chronic abdominal pain are well 
known to every gynecologist. In such patients, laparos- 
copy usually reveals dense pelvic adhesions locking the 
fallopian tubes and the ovaries. The cause of the pain is 
not quite understood, but one reason might be in- 
creased intraovarian pressure induced by cycle-related 
volume changes, which are made difficult by adhesions 
surrounding the ovaries. The comparatively good re- 
sults with contnuous progesterone or danazole treat- 
men: strengthen this hypothesis.” 

Chronic abdominal pain, probably as a late effect of a 
previous bout of salpingitis, was reported by 17% of the 
PID patients studied by Falk.? Such pain, lasting for 
longer than 6 months and causing the woman to seek 
med:cal advice, was reported by 18.1% of the women in 
a follow-up study of PID in our series.” The corre- 
sponding figure was 5% in a series of control women 
who had never had PID.” Of the women who suffered 
from chronic pelvic pain after PID, the majority (63%) 
also were involuntarily infertile and an equal propor- 
tion (6&%) also had dyspareunia. With half a million 
new cases of PID annually, these figures might mean 
that each year 90,000 post-PID women with chronic 
abdominal pain are added to the already existing pool 
of such women in the United States. 

Infertility. Acute salpingitis has long been known as 
one of the major causes of female infertility.” * Before 
the advent of antibiotic therapy, Holtz’ reported a 
pregnancy rate of 25.4% in married women after acute 
salpingitis. In 1958, Hedberg and Speyz® reviewed 216 
cases of salpingitis. They found a pregnancy rate of 
60% after the exclusion of unmarried and voluntarily 
child-ess women. In 1965, Falk? noted a pregnancy rate 
of 81% after corresponding exclusions. 

The extent to which the tubal infections lead to in- 
fertil:ty has been studied prospectively by us.” 7 “4 In 
the first study” 415 women proven laparoscopically to 
have had salpingitis were monitored for a period ex- 
tending to 1974. This study included all pregnancies 
diagrosed during the period of observation in the PID 
group as well as a control group of 100 women who 
had rever had PID. In the second study,” 751 women 
treated for laparascopically verified PID between 1968 
and 1974 were followed to their first pregnancy or, if 
not pregnant, up to 1979. This study included com- 
parisons between the different antibiotic regimens 
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Table III. Reproductive events after one or more 
tubal infections in 1,000 women 15 to 34 years of 
age (Lund, 1960-74), followed to first pregnancy 
or, if not pregnant, for 8 years 


| No./1,000 women 


Pregnant 
Intrauterine 624 
Ectopic 4] 
Not pregnant 
Voluntarily 171 
Involuntarily 
Tubal occlusion 126 
Other causes 38 


Table IV. Percent of infertility because of tubal 
occlusion after one, two, and three or more 
episodes of salpingitis in women exposed to a 
chance of pregnancy 






% Infertility postsaipingitis in age group 






No. of 
infections 15-24 yr 25-34 yr Total 
] 9.4 19.2 11.4 
2 20.9 31.0 23.1 
3+ 51.6 60.0 . 54.3 


Table V. Percent infertility because of tubal 


occlusion after mild, moderately severe, and severe 
infections in women with one episode of salpingitis 
and exposure to a chance of pregnancy 







% Infertility postsalpingitis 
in age group 


Inflammatory 
changes Total 
Mild oE. 7.8 6.1 
Moderately severe 10.8 22.0 13.4 


Severe 27.3 40.0 30.0 


used during the period of study. In the third study,” 
900 women proved laparoscopically to have had sal- 
pingitis between 1960 and 1974 were followed to their 
first pregnancy or, if not pregnant, to 1979. This study 
included a special analysis of ectopic pregnancy after 
PID. A summary of the findings on the reproductive 
events after salpingitis in those series will follow. 

All patients had been subjected to laparoscopy to ver- 
ify the diagnosis of salpingitis. The degree of the 
inflammatory reaction of the fallopian tubes was 
classified as mild, moderately severe, or severe, as 
defined earlier.” The women were followed to their 
first pregnancy after PID or, if not pregnant, for a 
mean period of 8 years. In the follow-up, the women 
were classified as follows: 

I. Pregnant—women who became pregnant after (but 
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Table VI. Calculated rates of post-PID infertility 
in cohorts of 1,000 women born 1940, 1945, 
1950, and 1955 





Cumulative rate of post-PID infertility at age 






Cohort 

born in 
1940 8.55 13.84 17.29 20.76 25.23 
1945 9.12 15.65 24.27 30.0 — 
1950 10.3: 18.09 26.30 — — 
1955 9.28 16.97 — — — 


Table VII. Ratios of ectopic to intrauterine 
pregnancies (EP/IU ratio) in women 15 to 39 years 
of age in Lund, 1960-1977 





Total no. of Total no. of 
intrauterine ectopic 
Years pregnancies pregnancies EPHU ratio 
1960-64 6,143 35 1:177 
1965-69 7,730 5] 1:153 
1970-74 9,977 70 1:144 
1975-77 6,293. . 71 ' 1:90 


not between) the infection(s). The first pregnancy 

after PID was either: | 

A. Intrauterine 
_ B. Ectopic 
Il. Not pregnant 

A. Voluntarily—women who used contraceptives or 
who were sterilized as well as those who did not 
expose themselves to a risk of pregnancy (sexu- 
ally inactive) 

B. Involuntarily—women exposed to the risk of 
pregnancy for more than 1 year without conceiv- 
ing. The women were subclassified as eizher: 

l. Post-PID infertility—proven tubal occlusion 

2. Other causes or unknown—aspermia anovula- 
tion, endometriosis, incompletely examined, 
etc. 

The women followed up constituted about 70% of all 
women treated for laparoscopically verified salpingitis 
between 1960 and 1974. As determined from hospital 
records, the women who were not followed did not 
differ from the 1,100 women followed up as to age, 
parity, marital and socioeconomic status, gonococcal/ 
nongonococcal PID, and distribution of mild, moder- 
ately severe, and severe infection. 

In the total sample, 77.1% of the women had had 
one infection, 17.1% two infections, and 5.8% three or 
more infections. Of all repeated instances of PID, 
51.5% appeared within 12 months of the end of treat- 
ment for the first infection.” 

After one or more infections, 15.2% of the women 
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1960-64 1965-69 1970-74 1975-79 year 


Fig. 4. Mean annual total incidence of total and gonococcal 


salpingitis per 1,000 women 15 to 24 years of age in Lund 
Curing the periods 1960-64, 1965-69, 1970-74, and 1975-79. 


who exposed themselves to the risk of pregnancy were 
infertile because of tubal occlusion (Table III).4 The 
postinfection infertility rate was significantly lower in 
the 15 to 24 year age group (13.9%) than in the 25 to 34 
year age group (25.7%). The infertility rate increased 
significantly with the number of infections (Table IV). 
The difference in infertility rate between 15- to 24 
year-old women and 25- to 34-year-old women was 
confined to those who had had only one infection. 
After more than one infection, no age difference in the 
infertility rates was observed. 

In women who had had only one infection, the in- 
fertility rate increased with the severity of the inflam- 
matory changes (Table V). In women less than 25 years 
of age, those who had had gonococcal-associated PID 
had a significantly better fertility prognosis than those 
who had had nongonococcal salpingitis. 

‘If we assume an annual incidence of PID of 11 to 13 
per 1,000 women among the estimated 36 million 
women less than 35 years of age in the United States 
during 1970-74 (see above), we arrive at an annual 


mean of 400,000 to 450,000 PID cases. With an infer- ` 


tility rate of 15.2%, this means that more than 60,000 
women are rendered infertile because of PID annually 
in the United States. . 

Using our age- and time-specific incidences for PID 
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1960-64 1965-69 1970-74 1975-79 year 


Fig. 5. Mean annual incidence of ectopic pregnancy per 1,000 
women 20 to 29 years of age in Lund during the periods 
1960-64, 1965-69, 1970-74, and 1975-77. 


(Figs. 1 and 2),”* as well as our figures for reinfections 
and rost-PID infertility, we can calculate the cumula- 
tive numbers of women who were rendered infertile 
because of PID in cohorts of women born in a specific 
year. The results of such calculations are shown in 
Table VI. As can be seen, the infertility rates because of 
PID in cohorts of 1,000 30-year-old women born in 
1940, 1945, and 1950 were 17.3, 24.3, and 26.3, re- 
spectively. 

Follow-up studies of women who had had one infec- 
tion and who were treated with different antibiotic reg- 
imens did not reveal any significant differences in the 
fertility and infertility rates.” The antibiotic regimens 
used were: streptomycin combined with penicillin, 
chloramphenicol combined with penicillin, ampicillin, 
and doxycycline. 

PID and ectopic pregnancy. It has been claimed that 
conservative treatment of acute salpingitis has in- 
creased the frequency of ectopic pregnancies. In 1930, 
Holtz” reported one such pregnancy to every 200 in- 
trauterine pregnancies after PID. In our clinic, the 
ratios of ectopic to intrauterine pregnancies in 15- to 
39-year-old women registered in the city are listed in 
Table VII. There has been a relative increase in the 
fraction of ectopic pregnancies. The absolute number 
of ectcpic pregnancies as measured by the annual inci- 
dence per 1,000 women increased during the period of 
study (Fig. 5). Out of 227 women undergoing surgery 
because of ectopic pregnancy and registered in the city 
between 1960 and 1977, 105 (46.2%) were in the post- 
PID state. 

In cur prospective follow-up studies, we found a 
ratio oT one ectopic pregnancy to every 24 intrauterine 
pregnancies in women treated between 1960 and 
1967.37 In the second study, we found a ratio of 1: 16 in 
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Table VIII. Calculated reproductive events after salpingitis in cohorts of 1,000 women exposed 


toa chance of pregnancy 


After two or more infections 


Event 15-24 yr 29-34 yr 15-24 yr 25-34 yr Total 


- Pregnant 
Intrauterine 827 647 
Ectopic 56 78 
Not pregnant 
Tubal occlusion 90 172 
Other causes 47 103 


Total l 1,000 1,000 


the first pregnancy after PID.™ In a series of healthy 
control women who had not had PID, the corr espond- 
ing ratio was 1:147. 

For women who have never had PID, Urquhart,* ina 
comprehensive survey of a large series of retrospective 
studies on the ratios of ectopic/ intrauterine pregnancy, 
arrived at a figure of 1:300. Using the ratio of 1: 300 
for women who had never had PID and 1:24 for 
women in the post-PID state, he calculated the corre- 
sponding ratio for ectopic pregnancy per 100 woman- 
years of noncontraception to be 0.27 for women who 
never had PID and 2.7 for pare women (a tenfold 
risk increase). 

Using our figures for total female population, con- 
traceptive usage, women in the post-PID state, and 
number of ectopic pregnancies in women 20 to 29 
years of age registered in Lund during 1970-74, we 
could calculate the indices of ectopic pregnancy per 
100 woman-years of noncontraception to be 0.26 in 
women who had never had PID and 2.0 for women in 
the post-PID state.’ Thus, a seven- to tenfold risk in- 
crease was found for ectopic pregnancy in women who 
had had PID-as compared to women who had never 
had PID. 

When analyzing the impact of women in the post- 
PID state on the increase in ectopic pregnancies (Fig. 
5), we found that the increase in the fraction of post- 


PID women accounted for 24.5% of the increase in | 


ectopic pregnancies in that specific age group.” 

If we assume a “salpingitis cohort” of 100,000 
women for a specific year, and furthermore that all 
women in the cohort expose themselves to a chance of 


737 623 568 596 
57 87 23 55 
13] 275 399 337 
75 15 10 12 
1,000 “1,000 1,000 1,000 


pregnancy, then this single cohort will contribute at 
least 5,500 ectopic pregnancies unevenly distributed 
over the remaining years of fecundity of that specific 
cohort (Table VIII). This means that annually about 
25,000 ectopic pregnancies in the United States are 
currently attributable to PID. 
Combined effects of infertility and risk increase for 
ectopic pregnancy. Table VIII lists the calculated re- 
productive events after salpingitis in cohorts of 1,000 
women who expose themselves to a chance of preg- 
nancy, based or. our figures. Among those women who 
have had one episode of PID and expose themselves to 
a chance of pregnancy, 12.6% in the age group 15 to 24 
years and 25% in the age group 25 to 34 years will 
either be infertile from their PID episode or have an 
ectopic pregnancy. The corresponding figures after 
two or more infections were 36.2% and 42.2%, respec- 
tively. 
The figures document the great impact that PID has 
on modern society. Let us illustrate by taking the 1950 
cohort of women. Out of 1,000 girls born that year, 
today, at the age of 30 years, 138 have had one or more 
bouts of PID, 26 are infertile because of that infection, 
and nine have undergone operation because of post- 
PID ectopic pregnancy. Who would have dared to 
predict in 1950 that one out of 28 girls born during 
that year eventually would fail to have the children they 
planned, because of PID? 
The conclusion of these analyses must be that 

. pelvic infammatory disease is... the most signi- 
ficant of all the sexually transmitted diseases in Ameri- 
can medicine. °° 


ae 
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Salpingitis: Overview of etiology and epidemiology 


KING K. HOLMES, M.D., PH.D. 
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Seatile, Washington 


Current views of the etiology of salpingitis are widely divergent, partly because of epidemiologic and 
clinical differences in various studies. Of all genital pathogens, Naisseria gonorrhoeae has been the 
best documented as a cause of salpingitis, yet even the role of gonococci in salpingitis has been 
controversial. The proportion of salpingitis cases attributable to N gonorrhoeae has been influenced 
by contraceptive usage patterns and by the racial composition of the population studied. 

Gonococcal strains also may vary in propensity to cause salpingitis. For example, among white 
women we have found that Arg-Hyx-Ura™ strains accounted for 32 (42%) of 76 isolates associated 
with salpingitis vs. 38 (72%) of 53 associated with uricomplicatec gonorrhea {p = 0.0001). There is 
little doubt Chlamydia trachomatis also causes salpingitis, although the role of chlamydiae is 
uncertain in culture-negative patients who have high serum antibody titers against this agent. Other 
organisms, including facultative pathogens, such as coliforms, Haemophilus influenzae, groups B and 
D streptococci, and Mycoplasma hominis, and anaerobes, such as peptococci, peptostreptococci, 
and Bacteroides species, often have been implicated, particularity in recurrent or severe salpingitis 

or in intrauterine device— associated cases, usually but not always in the absence of gonococcal 
infection. Comprehensive microbiologic study of tubcperitoneal specimens obtained at laparoscopy - 
or laparotomy must be combined with comprehensive serologic studies in patients with salpingitis 
who are well characterized clinically and epidemiologically in order to resolve which organisms are 
involved, in what combination, and in which type of patient. (AM J. OBSTET. GYNECOL. 138:893, 1980.) 


WE HAVE BEEN invited to review some of the impor- 
tant concepts that have emerged from recent studies of 
the epidemiology and etiology of salpingitis, and to in- 
terpret and speculate on the implications of differences 


in the results of these studies. This article focuses on — 


selected areas of controversy, with no attempt to be 
comprehensive. 

The routine use of laparoscopy by Jacobsen and 
Westrom’ for the objective diagnosis of salpingitis set 
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guidelines for subsequent studies of salpingitis and 
demonstrated the inaccuracy of clinical diagnosis. This 
cen:ral problem, together with marked geographic dif- 
ferences and temporal shifts in the incidence of 
gor.ococcal and chlamydial infections and in con- 
traceptive usage patterns and other factors, have con- 
trikuted to widely divergent views of the causes of sal- 
pingitis. For example, some investigators speculate that 
gonococci cause nearly all salpingitis, while others be- 
lieve gonococci cause less than 10% of salpingitis; some 
American investigators believe anaerobes contribute to 
the pathogenesis of most salpingitis, while the Swedish 
studies implicate anaerobes in almost no cases of sal- 
pingitis; chlamydia are implicated as causing 60% of 
salpingitis cases in Lund and none of the cases in San 
Francisco, We would therefore like to review the evi- 
dence for each of these various infectious agents as 
pathogens causing salpingitis, and offer some hypothe- 
ses on how clinical and epidemiologic differences be- 
tween different studies may help to account for some 
of the divergent results that have been obtained con- 
cerning the etiology of salpingitis. 
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Chlamydial salpingitis 

Chlamydia trachomatis was first isolated from the fal- 
lopian tubes of women with salpingitis separately by 
two groups in Sweden.” 3 Mårdh and associates? recov- 
ered C. trachomatis from the endocervices of 36% of 
women with salpingitis, and from the fallopian tubes 
of six of seven in whom C. trachomatis was recovered 
from the endocervix. Subsequently Treharne and col- 
leagues* showed an IgG microimmunofluorescent 
(micro-IF) antibody titer = 1:64 against C. trachomatis 
in 62% of women with salpingitis as compared to only 
11% of controls. The geometric mean titer (GMT) 
of antibody was proportional to the severity of salpin- 
gitis at laparoscopy. Ripa and co-workers® have pro- 
duced experimental salpingitis in monkeys with C. 
trachomatis. 

There seems little doubt that’C. trachomatis causes 
salpingitis. However, the exact proportion of salpingitis 
caused by chlamydia in various studies, and the role of 
chlamydia in culture-negative patients who have IgG 
antibody titers = 1:64, are uncertain. IgM antibody was 
found in only 23% of cases studied by Treharne and 
associates and the GMT of IgM antibody was not corre- 
lated with severity of salpingitis at laparoscopy. The 


number of controls in the Swedish studies was small, ' 


and their comparability to patients with salpingitis was 
not clear. 

We previously have isolated C. trachomatis from the 
cervices of identical percentages of women, seen in our 
clinics for sexually transmitted disease (STD), wha do 
and do not have salpingitis; and among those with sal- 
pingitis, the same percentage of those with and with- 
out gonorrhea have positive cervical cultures for 
chlamydia—about 20%.° In a limited analysis of our 
data, the GMT of micro-IF antibody was only slightly 
higher among’ women with salpingitis (1: 138) than 
among matched female patients without salpingitis 
(1: 103).® 8 However, we have noted that only five of 15 
patients with salpingitis who demonstrated a fourfold 
or greater rise in micro-IF antibody titer had positive 
cervical cultures for C. trachomatis, suggesting insen- 
sitivity of cervical cultures in salpingitis.® 

If women with high GMT of antibody but negative 
cultures actually have chlamydial salpingitis, then 


confirmatory evidence could be obtained as follows: (1) 


recovery of C. trachomatis from the urethra of the sex 
partner—a study not yet attempted; (2) isolation of C. 
trachomatis from the urethra or other site in the patient; 
(3) demonstration that these cases clinically and epi- 
demiologically resemble each other and chlamydial 
salpingitis (as proven by culture), rather than some 
other type of salpingitis; (4) demonstration of signif- 
icantly lower prevalence of IgG antibody titers = 
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1:64 in women with salpingitis caused by other agents 
as proven by laparoscopic culture; and (5) demonstra- 
tion of significantly lower prevalence of IgG antibody 
titers = 1:64 in matched controls without salpingitis. 
In man, urethral infections with chlamydia are clini- 
cally less severe than gonococcal urethritis. Similarly, 
Svensson and associates? have found that salpingitis as- 
sociated with C. trachomatis infection (as determined by 
isolation of the agent or by serology) is clinically more 
indolent, with a longer mean duration of pain and less 
prevalence of fever in comparison with salpingitis 
associated with gonorrhea. However, the severity of 
disease, as determined by laparoscopic findings, for 
these two forms of salpingitis was similar. If salpingitis 
cases included in the Swedish studies have been clini- 
cally less acute and less severe than those in the United 
States studies published to date, which have tended to 
include what might be termed “emergency room” salpin- 
gitis, then this might help explain the lower proportion of 
cases in the United States that have been chlamydia 
associated and tke higher proportion that have been 
gonorrhea associated. The relative risks of salpingitis 
with gonococcal vs. chlamydial infections might be com- 
pared by examining the prevalence of clinical evidence of 
salpingitis among gynecology or female STD clinic pa- 


‘tients who have either chlamydial infection or gonococcal 


infection, or both, or neither. However, even if the 
prevalence of salpingitis in individual patients with 
C. trachomatis infection turns out to be lower than in 
those with gonococcal infection, the total incidence of 
chlamydial salpingitis could, nonetheless equal or ex- 
ceed the incidence of gonococcal salpingitis in indus- 
trialized countries, where chlamydial infection prob- 
ably is much mors common than gonococcal infection 
in women. 

- There is further evidence that Chlamydia trachomatis 
may cause two syndromes related to salpinzitis— 
postpartum endometritis’® and the Fitz-Hugh—Curtis 
syndrome (perihepatitis).? Furthermore, growirg evi- 
dence links C. trachomatis infection to infertility caused 
by bilateral tubal occlusion.'’ "°? Punnonen and col- 
leagues'! have shown a higher prevalence of chla- 
mydial antibody among infertile women than among 
pregnant controls; and among infertile women, they 
showed a higher titer of antibody among those with 
tubal occlusion than among those with normal hys- 
terosalpingograms. 

Tubal damage and peritonitis in chlamydial salpin- 
gitis may involve immunopathologic mechanisms. This 
is suggested by the absence of cytotoxicity of C. 
trachomatis in tubal organ culture” (in contrast with the 
toxicity of Neisseria gonorrhoeae in organ culturei, by 
the correlation of severity of tubal damage with GMT 
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Table I. Number of Arg- Hyx”Ura™ isolates per total number of isolates (percent) among black and white 


Seattle women with gonorrhea, with or without salpingitis 


Salpingitis Uncemplicated Salpengitis Uncomplicated 
} 





1972 12 (8%) 3/3 (38%) 
1974-75 5/22 (23%) 1/7 (14%) 
1977-78 10/35 (29%) 18/42 (43%) 


Totals 16/69 (23%) 7/23 (30%) 





8/18 (45% 12/14 (86%) p = 0.03 
6/16 (38%) 20/28 (71%) p = 0.05 
3/8 (38%) —_6/1L (55%) p = 0.52 
32/76 (42%; 38/53 (72%) p = 0.001 





of IgG antibody to chlamydia,* by the absence of IgM 
antibody in most cases,” ® by the limited histopathologic 
studies done in experimental infections,’ and perhaps 
by analogy with trachoma. In Fitz-Hugh—Curtis syn- 
drome in particular, serologic data suggest that this 
particular complication may more likely be associated 
with heterologous reinfection than with the first infec- 
tion by C. trachomatis.® Studies of experimental in- 
fections in intact animals may therefore be particularly 
important in analyzing the pathogenesis of C. tracho- 
matis salpingitis. In addition, further light may be shed 
on this question by studies of the cellular immune re- 
sponse in man and further serologic classification of 
human cases of C. trachomatis infections with and with- 
out salpingitis as primary infection vs. homologous 
reactivation/reinfection vs. heterologous reinfection. 


Gonococcal salpingitis 


Neisseria gonorrhoeae has been isolated from the cer- 
vices of anywhere from 10% to 70% of women with 
salpingitis, in recent studies. '® Even among those 
with positive cervical cultures, the proportion who have 
had positive tubal or peritoneal cultures has ranged 
from 8% to 70%.» '® Those who found gonococci least 
often have questioned its importance in salpingitis. 
Some have implicated chlamydia as the main cause of 
salpingitis,* while others have suggested that gonococci 
merely pave the way for invasion of the fallopian tubes 
by mixed flora, particularly anaerobes.'™ "° 

Where is the common ground in these apparently 
contradictory observations? New concepts sometimes 
can emerge from contradiction. Some epidemiologic 
and clinical observations may help explain some of 
these differences. 

Host factors in gonococcal salpingitis. Race has 
been correlated not only with risk of gonorrhea, 
but also with risk of salpingitis among women with 
gonorrhea. Nonwhite women represented 46% of all 
women with gonococcal salpingitis vs. only 29% of 
women with uncomplicated gonorrhea in Seattle.’ This 
apparently higher risk of black women developing sal- 
pingitis with gonorrhea has not yet been explained, but 
differences in the racial composition or socioeconomic 


status of the populations studied could account for 
some of the observed differences in the proportion of 
salpingitis cases associated with gonorrhea, particularly 
in those studies done in Europe vs. those conducted in 
the United States. 

Since case-control studies suggest that oral con- 
traceptive usage is associated with a decreased risk of 
salpingitis among women with gonorrhea,” *° it is quite 
possitle that trends in use of oral contraceptives by 
women might influence the proportion of gonococcal 
infect.ons which lead to salpingitis. Thus the declining 
rate cf oral contraceptive usage, which has been seen in 
the United States since 1974,”! might tend to lead to an 
increzsed risk of salpingitis among women who acquire 
gonorrhea. 3 

Gonococcal virulence as a factor in salpingitis. Sac- 
kel and his co-workers”? found that gonococci from 
women with salpingitis were more resistant to peni- 
cillin than those from women with uncomplicated 
gonorrhea. We have found that certain auxotypes of 
gonococci are more likely than others to be associated 
with salpingitis. Since auxotype is strongly correlated 
with race,” as is the risk of salpingitis in women with 
gonorrhea, it is essential to control for race in such an 
analysis. As shown in Table I, we have found that 
Arg” Hyx~Ura™ strains of N. gonorrhoeae accounted for 
only <8 (33%) of 145 isolates from women with salpin- 
gitis, compared to 45 (59%) of 76 isolates from women 
with uncomplicated gonorrhea (p = 0.0002). Among 
white women with gonorrhea, Arg Hyx” Ura” strains 
accounted for 32 (42%) of 76 isolates from women with 
salpingitis vs. 38 (72%) of 53 with uncomplicated 
gonorrhea (p = 0.0001). These data are consistent with 
those previously published by Sackel and colleagues,” 
since Arg” Hyx` Ura” isolates are more sensitive than 
other auxotypes to penicillin. It appears that some 
strains of gonococci are more likely than others to be 
associated with salpingitis. We have reported previ- 
ously that the preportion of gonococcal isolates which 
are cf the Arg Hyx` Ura” strain is much lower for 
black women than for white women.” Thus the higher 
risk cf salpingitis among black women with gonorrhea 
might be explained partly by the higher proportion of 
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gonococcal infections in black women caused by strains 
that are more likely to produce salpingitis. 

It is possible that trends in the proportion of 
Arg” Hyx”Ura™ gonococci might be reflected in trends 
in the proportion of gonococcal infections that are 
complicated by salpingitis. Westrom* found that the 
incidence of gonorrhea in Lund, Sweden, rose during 
the 1960s and early 1970s, despite a stable rate of 
gonococcal salpingitis. The proportion of cases of 


gonorrhea complicated by gonococcal salpingitis ap-: 


parently fell in Lund during that period of time. A 
similar phenomenon has been observed in Orebro, 
Sweden.*4 Thus it is of interest that among strains 
of gonococci collected and stored at the Statens 
Seruminstitut in Copenhagen from the early 1940s to 
the present, the proportion of the Arg ` Hyx™ Ura” 
strain rose progressively during the 1960s and early 
1970s,” a finding consistent with the declining propor- 
tion of gonococcal infections complicated by salpingitis 
in Sweden during that same period. 


Polymicrobial salpingitis 

We initially used the term “polymicrobial etiology” of 
pelvic inflammatory disease® to indicate that in the gen- 
eral population there are many agents capable of caus- 
ing salpingitis, as well as to indicate that in the indi- 
vidual patient more than one agent could be involved. 

Possible role of gonococci in polymicrobial sal- 
pingitis. The view that gonococci pave the way for 
anaerobic invasion of the fallopian tubes was put forth 
most recently by Chow and co-authors’? and was es- 
poused to some extent by others,'® ' who usually 
found other flora present with gonococci in culdocen- 
tesis fluids from patients with salpingitis. It seems clear 
from several American studies,® !® '% ? 26 especially 
one employing routine laparoscopy,” that a certain 
number of the cases of salpingitis with cervical gonor- 
. rhea seen in the United States are associated with 
polymicrobial tuboperitoneal infection, but the pro- 
portion probably is not large. 

Among women with “severe” salpingitis, we found 
bacteria other than gonococci in peritoneal exudate 
from two of 16 with cervical gonorrhea and from 14 of 
22 without cervical gonorrhea (p < 0.025).° Thus, we 
believe that although polymicrobial tuboperitoneal in- 
fection can be found in women with gonorrhea, it is 
much more common in women without gonorrhea. 
For the most part we have been unable to find serologic 
or epidemiologic evidence of recent gonococcal infec- 
tion among women who have negative cervical cultures 
for N. gonorrhoeae and tuboperitoneal infection with 
organisms other than N. gonorrhoeae. 
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Clinical and epidemiologic variables, as well as varia- 
tions in methods of obtaining peritoneal specimens, 
also help to explain variations in the proportion of sal- 
pingitis cases associated with mixed tuboperitoneal in- 
fections. The proportion of salpingitis cases associated 
with tuboperitoneal infection by agents other than Neis- 
seria gonorhoeae increases with increasing duration and 
severity of symptoms.’ This suggests that gonococcal 
salpingitis might lead to superinfection by other or- 
ganisms if the disease is allowed to progress unchecked, 
without treatment. These other organisms might gain 
access to the upper genital tract at the same time as the 
gonococci, or soon after, presumably by the translumi- 
nal route. Certain organisms might even suppress the 
growth of N. gonorrhoeae, preventing its recovery. Al- 
ternatively, it appears that some organisms which cause 
primary nongonococcal salpingitis (e.g., Chlamydia tra- 
chomatis) produce a more indolent infection that can-be 
tolerated longer than gonococcal salpingitis before 
treatment is sought.’ 

Sweet and his group“? reported that the proportion 
of patients with nongonococcal tubal or peritoneal in- 
fection is greater for recurrent salpingitis than for first 
attacks. We previously reported isolating N. gonorrhoeae 
from the endocervices of 69 (49%) of 140 women with 
a first attack of salpingitis vs. 22 (34%) of €4 with a 
recurrent attack (p = 0.05, Fisher’s exact test).*7 It may 
be that the initial episode of gonococcal salpingitis leads 
to tubal damage and increased tubal susceptibility to 
delayed subsequent infection by other organisms that 
ordinarily are less “tubotropic.” Also, there is some evi- 
dence that one attack of gonococcal salpingitis protects 
against subsequent attacks of gonococcal salpingitis by 
antigenically related strains’; it follows that an in- 
creased proportion of subsequent cases of salpingitis 
would be nongonococcal. The term “secondary” pel- 
vic infection conventionally refers to postobstetric or 


postsurgical infections of the pelvis by components of 


the vaginal flora. In addition, certain components of 
the vaginal flora might produce “secondary” invasion 
of the fallopian tubes either during an attack of pri- 
mary gonococcal salpingitis or during a subsequent at- 
tack of salpingitis involving tubes previously damaged 
by gonococcal salpingitis. It would be extremely inter- 
esting to know whether C. trachomatis or Mycoplasma 
hominis infection might also predispose to such second- 
ary Invasion. 

Mixed infection with anaerobic and/or facultative 
bacteria other than N. gonorrhoeae or C. trachomatis. 
Because of the long-overdue growth of the subspecialty . 
of anaerobic microbiology, with no counterbalancing. 
group having a special interest in “aerobic micro- 


om” 
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biology” per se, the pendulum has swung toward em- 
phasis on the importance of anaerobes in salpingitis. 
However, the bacteria isolated by culdocentesis or lap- 
aroscopy from patients with salpingitis actually include 
both anaerobic and facultative bacteria, which have 
been isolated . equally often, sometimes ‘with mixed 
anaerobic-facultative infections, sometimes with an- 
aerobic infection alone, sometimes with facultative 
infection alone.® 17-19 7 2 The predominant faculta- 
tive pathogens, found in tuboperitoneal fluids. from 
women with salpingitis have included coliforms, 
Haemophilus influenzae group B, groups B and D 
streptococci, and M. hominis.. Prominent anaerobic 
pathogens found have included peptococci, pepto- 
streptococci, and Bacteroides species. The question of 
which is the predominant Bacteroides sp. in acute 
salpingitis has excited some controversy. B. 
melaninogenicus was the predominant Bacteroides sp. in 
some studies,” and B. fragilis was predominant in 
others.® '% ? B, fragilis often is involved in “secondary” 
pelvic infections in women (e.g., postsurgical infec- 
tions), but is not-a prominent member of the vaginal 
flora, suggesting this organism is relatively more viru- 
lent than the more common vaginal Bacteroides Sp., 
such as B. capillosus, B. bivius, and B. disiens. In some 
studies!” 25 26 B, fragilis was not isolated from tubo- 


peritoneal cultures from any of the patients with sal- 


pingitis. The serum antibody response to B. fragilis 
capsular polysaccharide antigen -has correlated with 


isolation of B. fragilis in our own studies, supporting | 


the etiologic significance of this agent.** A serologic re- 
sponse to B. fragilis also was apparent in some cases of 
salpingitis studied by Paavonen,®! but in only two of 
eight pareng from whom B. ‘fragilis was isolated in 
Sweden.” 

M. hominis and siani, The role of M. homini 
has been supported by similar serologic studies?? e 
by isolation of M. hominis from tuboperitoneal cultures 
and by laparoscopy in some cases.” It is of interest that 
experimental infection of. grivet monkeys with M. 


‘hominis produced parametritis as well as tubal inflam- 


mation.*4 This might suggest a parametrial rather than 
luminal route of infection. Others occasionally have re- 
covered M. hominis from the tubes.or cul-de-sac of pa- 
tients with salpingitis, but the role or this sexually 
transmitted agent in primary acute salpingitis is less 
well established than that of N. gonorrhoeae or C. 
trachomatis. The role of.M. hominis as a primary cause of 
salpingitis would be more convincingly established if it 
could be shown that cases of M. hominis—associated sal- 
pingitis are clinically unique, for example, uniquely as- 
sociated with parametritis in man, as in grivet monkeys. 
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Use of intrauterine device (IUD) and polymicrobial 
vaginitis. It is well established that IUD usage is as- 
sociated with an increased risk of salpingitis; particu- 


larly nongonococcal salpingitis. For example; we have 
‘reported isolation of bacteria other than Neisseria 


gonorrhoeae from the peritoneal exudate of nine (47%) 
of 19 IUD users and six (25%) of 24 nonusers (p = 
0.20).® 2 IUD usage has been found to be associated 
with endometrial bacterial colonization,®® and it is 
likely that the IUD.tail facilitates the ascent of bacteria 
from the vagina to the endometrial cavity. It is possible 
that the IUD also alters the vaginal flora itself. We have 
found that IUD users are significantly more likely than 
nonusers to have nonspecific vaginitis,*° a condition as- 
sociated with vaginal overgrowth by anaerobic bacte- 
ria.” Thus, IUD usage may pomote development 
of nengonococcal salpingitis by more than one mech- 
anism. | 

It seems likely thatthe lower prevalence of anaerobic 
or pelymicrobial infection in cases of salpingitis in 
Sweden, as compared to cases in the United States, is 
related to.differences in severity of infection or in du- 
ratior of disease before diagnostic steps are undertak- 
en. Ir also is conceivable that gonococcal salpingitis is 
more likely than other forms of primary salpingitis 
(e.g., chlamydial salpingitis) to lead to secondary infec- 


tion by vaginal flora, and that gonococcal salpingitis is 


more common than chlamydial salpingitis in popula- 


_ tions that have been studied in the United States 


than in Sweden. It is even possible that in populations 
studied in the United States the vaginal flora is more 
likely to cause secondary tubal infection (e.g., the 
average concentration. of vaginal anaerobes could be 
higher) than in the populations studied in Sweden. 

It seems clear that comprehensive microbiologic 
study of tuboperitoneal specimens obtained at laparos- 
copy or laparotomy must be combined with com- 
prehensive serologic studies in patients-with salpingitis 
who are well characterized Clinically and epidemio- 
logically, to resolve the issue of which anaerobes or ` 
facultative organisms are involved and in which type of . 
patierit. . 

Other epidemiologic dies to the etiology and 
pathogenesis of salpingitis. (1) One consistent obser- 
vatior is that the onset of salpirigitis associated with 
gonorrhea is correlated with the first 2 weeks of the 
menstrual cycle—a finding we have reconfirmed.” A 
more recent, possibly related, observation made by 
Westrém” is that the annual incidence of salpingitis 
amonz sexually active women is many times higher 
among 15- to 16-year-old teenagers than among” 
women over 20 years of age. The latter observation 


898 Holmes, Eschenbach, and Knapp 
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might be explained by the fact that women who become 
séxually active at age 15 to 16 years have more partners 
than those who become active later. Another posgsibil- 
ity, suggested by Drs. Tom Bell and John James,* is that 
the cervical mucus in very young, sexually active 
women may still be estrogen dominated, which might 
permit it to be more readily penetrated by gonococci or 
sperm having gonococci or other bacteria attached. 
The same explanation might account for the onset of 
gonococcus-associated salpingitis during the estrogenic 
phase of the cycle, and the converse might explain 
partly the decreased risk of gonococcal salpingitis in 
users of oral contraceptives who have more dense cer- 
vical mucus. 

(2) A striking conviction of the Swedish inivestigators 
is that primary salpingitis can rarely be confirmed 
laparoscopically in women who do not have increased 
leukocytes in vaginal fuid and/or a proven sexually 
transmitted infection. Presumably, these leukocytes 
emanate froni the cervical os as a reflection of cervicitis 
or inflammation above the cervix. Although conven- 
tional dogma now holds that cervical culture resiilts do 
not correlate with tubal culture results, one wonders 
whether more careful examination by Gram stain and 
direct microscopy and quantitative culture of material 
obtained directly from the endocervix after it has been 
carefully cleansed might not show a closer correlation 
of endocervical flora with tuboperitoneal flora than 
previous studies have suggested. This would be some- 
what analogous to the clinical concept that trans- 
tracheal aspirates may serve better than expectorated 
sputums for the culture diagnosis of pneumonia, and 
that the microscopic examination of purulent areas of 
Gram-stained expectorated sputum may be more in- 
formative than nonquantitative culture of expectorated 
sputum, and miay help determine whether the speci- 
men is contaminated by oral epithelial cells and associ- 
ated flora. 


Discussion 

In summary, the different studies of the aidot: 
cause of salpingitis in markedly different settings have 
produced markedly different results, which can be rec- 
onciled only partly, but perhaps need not be reconciled 
completely in view of the many factors that might 
influence the etiology of salpingitis. These include the 
widely varying prevalence of gonorrhea and non- 
uniform distribution of gonococcal types by region and 
within population subgroups, varying epidemiology of 
C. trachomatis infections, varying usage of IUD and oral 
contraceptives, as well as the influence of age, race, 


*Personal communication. 
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parity, duration and severity of symptoms before seek- 
ing care (which may be related to accessibility of health 
care), accuracy of diagnosis, and the many different 
methods used to study etiology. The central and obvi- 
ous theme of recent studies is that he etiology of sal- 
pingitis is polymicrobial; salpingitis in general has mul- 
tiple causes, and individual cases may have multiple 
causes. This is hardly surprising. Why should salpin- 
gitis be different from upper or lower respiratory or 
other abdominal infections in this régard? It is essential 
to carefully define the populations studied, both epi- 
demiologically and clinically, and the methods used to 
study them, to eventually allow data from different 
centers to be compared. Accurate diagnosis of salpin- 
gitis is most essential. 

Among the mary practical questions which proceed 
from the epidemiologic data collected so far are the 
following 10: 

l. Can we accumulate historical arid 'seroepi- 
demiologic data directly.on the infectious etiology of 
the complications of salpingitis in the United States, 
such as ectopic pregnancy, infertility, and chronic pel- 
vic pain, through case-control studies as an alternative 
to the far more difficult cohort studies that have been 
sO productive i in Sweden, but which would be far more 
difficult here? » 

2. What practical methods-can be developed t to im- 
prove clinical diagnosis of salpingitis for optimal stud- 
ies of the infectious etiology? 

3. What are-the overall therapeutic implications of 
our current concepts of the multiple causes of salpin- 
gitis? Can more practical methods be devised to distin- 
guish which microbial cause is implicated in the indi- 
vidual patien: with salpingitis, as a guide to therapy in 
that patient? 

4, In view of the correlation of certain gonococcal 
auxotypes with risk of gonococcal salpingitis, what are 
the strain-specific pathogenic mechanisms responsible? 

5. In view of the evidence that natural gonococcal 
infection prcvides type-specific protection against re- 
current gonococcal salpingius, what are the implica- 
tions for development and deployment of gonococcal 
vaccine? 

6. If Chlamydia trachomatis infection causes salpin- 
gitis by immunopathologic mechanisms, what are the 
mechanisms? How can tubal scarring be preventéd by 
therapy? What are the implications for chlamydial vac- 
cine? 

7. Whatis the need for treatment of sex partriers of 
women with nongonococcal salpingitis? Is asymptomat- 
ic infection of the man with C. trachomatis, M. hominis, or 
other flora a cause of recurrent salpingitis in some 
women? | 
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8. Can an IUD be designed that oS not eae to 


anaerobic infection?- 


9. Would routine, periodic examination of IUD 
users for vaginal anerobes identify those women at risk- 
of developing [UD-related salpingitis? Would a brief ` 
course of appropriate antimicrobial prophylaxis to: 


suppress vaginal anaerobic growth protect her? 
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Trends for gonorrhea and pelvic inflammatory disease 
in England and Wales and for gonorrhea in a defined 


population 


M. W. ADLER, M.B., B.S., M.D., M.R.C.P.. M.F.C.M. 


London, England 


Recent trends for gonorrhea and-pelvic inflammatory disease England and Wales are presented 
using routinely available data. The drawbacks cf these data are examined, and a study is described 
which has attempted to rectify some of these inadequacies. The study attempted to identify patients 
with and without symptoms of gonorrhea, trichomoniasis, and 2andidiasis, living in a defined 
population. In addition, a calculation has been made.of the nu nber of cases of PID treated on an 
ambulatory basis in clinics for sexually transmitted disease in =ngland and Wales. (Am. J. OBSTET. 


GYNECOL. 138:901, 1980.) 


AN ORGANIZED and formal service for the treatment 
of sexually transmitted diseases (STDs) was created 
originally in the United Kingdom in 1916, following 
the Royal Commission on Venereal Diseases. This ser- 
vice traditionally has been based in hospitals and clinics 
specializing in the STDs. Physicians in charge of clinics 
in England, Wales, Scotland, and Northern Ireland are 
required to submit reports every 3 months to their 
Chief Medical Officers of the number of cases seen in 
their clinics. This article examines the trends for 
gonorrhea and pelvic inflammatory disease in England 
and Wales. These two countries contain 82% of all the 
clinics in' the United Kingdom and account for 93% of 
all the cases seen in the clinics within the Kingdom.. 

Because of limitations in reported data, special stud- 
ies have been carried out from time to time. Previous 
research has been in the nature of ad hoc screening 
surveys within certain clinical settings, such as antenatal 
and gynecology clinics. Patients who have sought care 
are sampled without any reference to a population at 
risk and, thus, a stable denominator.'~® My colleagues 
and I felt it was necessary to carry out a survey that 
measured both symptomatic and asymptomatic disease 
in a defined population to obtain data representative of 
all those at risk. 
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Methods 


Trends for gonorrhea. Reported cases of gonococcal 
in-ection during a 12 year period (1966 through 1977) 
were examined to determine incidence trends. Inci- 
dence rates by sex and age groups were calculated per 
1C0,000 population. There are two limitations inherent 
in the notification process. First, the figures relate to 
number of cases, not patients, so that a patient can 
reappear several times in the published statistics for a 
year. This can occur because a patient has more than 
ore disease diagnosed at the same point in time, pa- 
tients may contract one or more diseases on several 
se>arate occasions during the year, and finally, in many 
instances, there may be difficulty in differentiating 
re nfection from relapse. The second major limitation 
is that STD clinics differ in their criteria for establish- 
inz a diagnosis and reporting diseases. Past investiga- 
ticn into clinic practices throughout England and 
Wales has highlighted some of these variations” 7 and a 
further study to quantify patients as opposed to cases 
treated in clinics has been completed recently. 

Trends for PID. The number of patients with PID 
acmictted to hospitals in England and Wales can be de- 
rived from the Hospital In-Patient Enquiry (HIPE). 
Tais is a 10% sample of all hospital deaths and dis- 
charges. Similar to the clinic returns, the HIPE records 
cases, not patients, and there are no criteria for the 
es-ab.ishment of a diagnosis of PID except that it is the 
physician’s final diagnosis. Thus some patients will be 
reported who have many clinical features of the dis- 
ease, plus laparoscopic and genital tests. Other patients 
will have undergone no confirmatory tests and will 
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Fig. 1. Gonorrhea (postpubertal) rates per 100,000 popula- 
tion (England and Wales) in men and women. 


have received empirical treatment. A successful re- 
sponse to therapy has confirmed the diagnosis in the 
physician’s eyes. 

These data from HIPE are published on an annual 
basis by the Office of Population Censuses and Surveys 
(OPCS). Unfortunately, the routinely published cate- 
gories used in HIPE are not entirely satisfactory for the 


purposes of identifying specific cases of acute PID. 


These categories are “salpingitis-oophoritis and cer- 
vicitis” and “other female genital disorders.” The 
OPCS has allowed me access to the raw data. All the 
“true” cases of acute PID were identified in the original 
data as “acute salpingitis and oopharitis,” “unspecified 
salpingitis and oophoritis,” and “pelvic inflammatory 
disease.” Virtually all the cases in the last two categories 
are acute-onset illnesses, even though at first glance 
these disease categories appear to be vague and ill 
defined. 

Special prevalence study. There are two major rea- 
sons why gonorrhea and other STDs may be underre- 
corded. First, figures do not take into account patients 
treated outside STD clinics by family or private prac- 
titioners and in antenatal and gynecology clinics; sec- 
ond, there is no routine way of calculating the number 
of asymptomatic patients who never seek care. In view 
of this underrecording and limitations in the available 
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Fig. 2. Gonorrhea rates per 100,000 female population by age 
groups (England and Wales). 


data, a prevalence study in a defined population was 
carried out. An atrempt was made to identify patients 
with and without symptoms, suffering from gonor- | 
rhea, trichomoniasis, candidiasis, and potential compli- 
cations such as PID. 

The study area was defined as the administrative 
Health Area of Brent and Harrow. This area is situated 
in North West London and contains a broad cross sec- 
tion of social and ethnic groupings with a total of 
485,883 inhabitants. From census data, it was possible 
to identify the number of women in different age 
groups. l 

Women aged 15 to 60 years were included in the 
study when they attended the three hospitals in the 
area providing antenatal and gynecologic care. We 
sampled three family planning clinics within the study 
area, chosen to be répresentative of the different geo- 
graphic and demographic characteristics known to 
exist in the area. The number of cases of STD that 
could be treated by general practitioners without refer- 


Volume 138 
Number 7, Part 2 


12,000 
Cases 
10, 000 


rr 
© 


Rate 


Numbers of cases 
> = 20 
Ss 8 8 
S = & 


000 ‘GI iad sayey 


N 
e3 
Cad 

pan 

g> 


68 69 70 71 72 73 74 75 76 77 
Years 


Fig. 3. Number of cases and discharge rates for acute, unspec- 
ified salpingitis and PID (England and Wales). 


ral were quantified. A sample of 17 general practition- 
ers was drawn and stratified by size of practice and 
whether or not the doctors carried out family planning. 
The practitioners were asked to record patients’ symp- 
toms, the results of genital examinations and bac- 
teriologic tests If carried out, and treatment adminis- 
tered, if any. 

Because of the asymptomatic nature of the diseases 
under investigation and the need to obtain information 
on those patients who do not consult doctors, I did not 
wish to limit sampling and examination only to women 
seeking care from their doctors. Further data from one 
physician’s general practice was included in this study. 
All women aged 16 to 60 years (2,000) registered with 
the practice were identified, and half were invited to 
undergo an examination. It was emphasized that all 
women should come forward whether or not they had 
symptoms. 

Even though a number of different agencies were 
used, collection of data and examinations were stan- 
dardized. All women were asked to complete a self- 
administered questionnaire that recorded demograph- 
ic data and information concerning present and past 
genital symptoms and their treatment, if any. Two re- 
search nurses were responsible for the genital exami- 
nations. Cultures were taken from appropriate sites for 
Neisseria gonorrhoeae, Trichomonas vaginalis, and Candida 
albicans. 


Results 

Gonorrhea trends. The trends for gonorrhea ‘in En- 
gland and Wales are shown in Fig. 1. Rates per 100,000 
population for men and women were calculated over 


Trends for gonorrhea and PID 903 


20-24yrs 


co 
=] 25-34yrs 
= 
= 15-19yrs 
2 
ie 
S 
£ 
ha: 35-44yrs 
Ca 





68 69 70 71 72 73 74 75 76 77 
Years 


Fig. 4. Rates of acute, unspecified salpingitis and PID per 
100 000 population by age groups (England and Wales). 


the most recent 12 year period for which figures are 
available. The rates for both sexes have shown a steady 
inc-ease (more marked in women) from 1966 to 1977. 
Th2se increases appear, however, to have leveled off 
recently. In 1977, the rates represented 37,831 and 
22,272 cases in men and women, respectively. Despite 
the leveling off over the last few years, there has been 
an increase of 31% for men from 1966 to 1977 and 
130% for women over the same time period. Broken 
down by different age groups the rates give a clearer 
picure of those experiencing the greatest increase. Fig. 
2 iLustrates gonorrhea rates for women by age over the 
sare ime period. The major increases have been in 
women aged 16 to 19 years and 20 to 24 years. 
Trends in PID. Fig. 3 reveals the trends in the num- 
ber of cases and rates of acute salpingitis over a 10 year 
period. From 1968 to 1977, both the number of cases 
and the rate have increased by 50%. The number of 
cases requiring hospitalization in 1977 totaled 10,960 
and represents 92,064 hospital bed-days. The current 
cost of an acute hospital bed in England and Wales is 
£3) ($70.41) per day.® Thus, the cost of all hospitaliza- 
tion in cases of salpingitis per annum is £2,761,920 
($6,481,859). This figure includes both direct and indi- 
rect costs. Fig. 4 indicates that the age-specific PID rates 
are similar to the female age-specific rates for gon- 
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orrhea with major increases occurring in the 15 to 19 
and 20 to 24 year age groups. 

Special prevalence study. The results of the study 
are preliminary at this stage, and it will be necessary to 
carry out some corrections and weighting of the data. 


Once this is done, it will be possible to quantify the 


cases of disease that are being treated or recognized in 
other settings apart from STD clinics. Nevertheless, a 
total of 2,286 women were screened in the special 
examination of asymptomatic women. Altogether, 
228 (10%) were found to have candidiasis, 97 (4%) 
trichomoniasis, and five (0.2%) gonorrhea. 

The screening concentrated on those who had not 
sought care for STD. However, some women residing 
in the study area sought care for disease either within 
or outside the defined area. Information about such 
cases was obtained from the one clinic within the study 
area and all the other clinics outside the area. After this 
exercise, a further 20 cases of gonorrhea were found, 
totaling 25 cases. 


Discussion 


Similar trends for gonorrhea and PID are seen in 
most other developed countries. It has been indicated 
that even though routine sources of data are available 
in England and Wales, they are undoubtedly an under 
estimate of the total gonorrhea problem in the com- 
munity. PID, on the other hand, is underrecorded 
since patients can be treated on an ambulatory basis. 
The routine figures returned to OPCS relate only to 
hospitalized cases. Physicians in STD clinics do not re- 
cord cases of PID as a separate item. Other physicians 
who see outpatients with PID are general practitioners, 
gynecologists, and physicians working in the STD 
clinics. The end result is underrecording of PID cases. 
The Middlesex Hospital is the second largest clinic 
in the United Kingdom, and in 1978 a total of 21,000 
cases of STD and other diseases were seen. Of these, 
1,758 were cases of gonorrhea and nonspecific genital 
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infection in women. In addition, 85 cases cf PID 
were seen, just under 5% of the total cases of 
gonorrhea and nonspecific infection, and seven of the 
patients were admitted; only 8% of those had sal- 
pingitis. 5 

The total number of cases of PID requiring hospital- 
ization in England and Wales recorded and appearing 
in HIPE is 10,960. Other physicians and clinics will 
have different management policies and case mixes, 
However, if the ratio of ambulatory/hospitalized cases 
of PID is similar to that in clinical experience at the 
Middlesex Hospital, then the actual number of cases of 
PID far exceeds the cases reported in HIPE. 

Our special prevalence study is not complete 
at present. However, even at this stage, it seems 
clear that routine screening of all antenatal, gyneco- 
logic, and family planning clinics and of sexually active 
women consulting general practitioners is not the way 
of controlling gonorrhea in this country. Also, there is 
no evidence to suppose a significant number of cases of 
untreated gonococcal salpingitis would be detected. 
Only five cases of untreated gonorrhea were identified 
in our study. 

England and Wales possess an excellent STD clinic 
service with a sophisticated recording system for cases 
seen in clinics and patients hospitalized with the com- 
plications of the diseases. Despite this, the data systems 
can be improved. At present, these systems indicate 
only part of the total clinical picture of the STDs. Accu- 
rate comprehensive figures are essential for monitor- 
ing changes in the STDs and for planning appropriate 
medical and other facilities required for clinical care 
and control. 


I am grateful to Dr. J. Ashley of the Office of Popu- 
lation Censuses and Surveys and Dr. N. Robinson of 
the London School of Hygiene and Tropical Medicine 
for allowing me access to original data for pelvic 
inflammatory disease. 
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Frequency and distribution of salpingitis and pelvic 
inflammatory diséase in short-stay hospitals in the 


United States 
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Pelvic inflammatory disease is not a reportable condition in the United States. Based on data 
extracted from the Hospital Discharge Survey conducted by the National Center for Health 
Statistics, this article présents estimates of the frequency and d stribution of PID in short-stay 
hospitals from 1970 through 1975, (Am. J. OBSTET. GYNECOL. 138:905, 1980.) 


PELVIC INFLAMMATORY DISEASE is neta reportable 
condition in the United States. However, the Natiónal 
Center for Health Statistics (NCHS) conducts the 
Hospital Discharge Survey (HDS),! an ongoing sam- 
pling of short-stay hospital discharge records which 
provides essentially unbiased estimates of the fré- 
quency of any medical conditión coded in the Interna- 
tiónál Classification of Diseases.? The purpose of this 
article is to present estimates of the frequency and dis- 
tribution of PID in short-stay hospitals in the United 
States as measured by the HDS. 


Methods 


The HDS consists of a stratified raridom sample of 
approximately 5% of the 7,900 civilian hospitals in the 
United States which have an average patient stay of Jess 
than 30 days. Within. each of the sample -hospitals, 
there is a further random sampling of hospital dis- 
charge records. Overall, the sample consists of over 
200,000 hospital discharge records annually or about 
one of every 160 of the 35,000,000 patients discharged 
from short-stay hospitals annually in the United States. 

Information from each sample discharge record is 
transcribed to a study abstract, which provides for pa- 
tient demographic data and as many as five final dis- 


charge diagnoses and three operations. The principal : 


diagnosis, when indicated, is listed first on the abstract. 

Otherwise, diagnoses are listed on the abstract in the 
From the Venereal Disease Control Division, Cener for - 
Disease Control, Atlanta, Georgia. f 
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order they are listed on the face sheet of hospital medi- 
cal record. Diagnoses and operations for the years stud- 
ied herein were coded according to the Eighth Revision, 
International Classification of Diseases, Adapted for Use in 
the Unitea States (ICDA). 

A patient weight, the reciprocal of the probability of 
sample sélection, is recorded for each patient for the 
purpose of inflating the sample to provide estimates for 
the universe of short-stay hospital discharges. 

We obtained HDS tapes from the NCHS for each of 
the years 1970 through 1975 for this study. We selected 
ICDA codes 612 (acute salpingitis), 613 (chronic sal- 
pingitss), 614 (unspecified salpingitis), and 616.0 (PID) 
to bé the conditions Of interest in this article. Diagnostic 
criteria cculd not be ascertained, but these diagnoses 
do represent the current and ordinary practice of 
medicine and nomenclature in United States hospitals. 

As with any sample, there are probable errors’ asso- 
ciated with the derived estimates. In order to keep 
these sampling errors as low as possible, we aggregated 
the annual estimates and will present the data ‘as mean 
annual numbers for the 6 year period 1970 through 
1975. The probable errors of the estimates presented 
herein range from as low as +2.3% to as high as 
+30.0%, and depend on thé magnitude of the estimate. 

Because of the lack of uniformity of racial classifica- 
tion among the hospitals, racial designations were col- 
lapsed into the categories of “white” and “all others.” 
Cases in which race was not specifiéd were prorated to 
calculate population-based rates. For rates based on in- 
ternally generated denominators, race was not pro- 
rated. Fór population-based rates, we used estimated 
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Table I. Diagnosis of salpingitis and PID in short-stay hospitals, by reason for admission—annual 


average in United States, 1970-75: 





Reason for admission 


Salpingitis ; 
Acute 10,510 81.1 2,451 12,961 
Chronic 8,874 37.7 14,681 23:555 
Unspecified 15,888 53.0 14,092 29,980 

_ Total 35,272 53.0 31,224 66,496 

PID 102,294 70.0 43,821 146,115 

Grand total . 137,566 212,611 


Note: Column b calculated by (a + di x 100. 


Table I. Median ages of.women with diagnoses of 
salpingitis and PID in short-stay hospitals, 
United States, 1970-75 






Reason for admission 









Salpingitis 
Acute 23 31 
Chronic 29 . i 38 
Unspecified 26 33 
Total salpingitis 26 35 
PID 25 31 
Grarid total“ 25 _ 33 


populations as of July 1, 1973, except for marital status 
rates. For the latter, the only population data available 
was that as of April 1, 1970. 


Results. 


Table I summarizes the overall findings of. the study. 
It lists the estimated annual number of diagnoses of 
salpingitis and PID in short-stay hospitals in the United 
States during the period 1970 through 1975. Salp:n- 
gitis is divided into acute, chronic, and unspecified. 
PID is not similarly classified in the ICDA. In addition, 
the table divides the cases by diagnosis: those diagnoses 

constituting the principal reason for admission to the 

hospital and those diagnoses of salpingitis and. PID 
which were secondary to some other principal cause for 
admission. Overall, there were 212,611 diagnoses of 
salpingitis and PID yearly, of which 146,115 were PID 
and 66,496 were salpingitis. - 

Chronic salpingitis (23,555 cases) was diagnosed 
about twice as frequently as acute salpingitis (12,951 
cases) but almost half of the cases (29,980) were not 
specified as acute or chronic. 

When :the diagnosis was acute salpingitis, it was the 
principal cause for admission in 81% of all cases, but 
when the diagnosis was chronic salpingitis, it was the 
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Table III. Salpingitis and PID casés and rates per 
100,000 female population over 14 years of age, 
by marital status—annual average in United States, 
1970-75 










Cases: of 


salpingitis 
and PID 


Cases/100,600 population 





Marital 
status 






Azelrace adjusted 


Married 114,194 248.8 286.9 
Single 50,701 324.9 241.0 
Widowed 6,074 63.2 257.8 
Divorced 18,552 617.9 646.0 
' Separated 15,075 867.4 758.6 
Total 204,596* ` 274.5 ` 974.5 


*Excludes unknown marital status and patients less than 15 
years of age. 


principal cause for admission in only 38%. Diagnosed 
salpingitis was the principal cause for admission in 53% 
of cases, compared to’ 70% for diagnoses of PID. 
Overall, salpingitis and PID were the principal reasons 
for hospital admission in 65%. of cases. 

The mean and median days of hospital stay for pa- 
tients with salpingitis or PID as the principal diag- 
nosis were 6.6 and 6.2 days, respectively. For salpin- 
gitis and PID as secondary diagnoses, the mean stay 
was 9.2 days with a median of 8.4 days. 

Table I] shows the -median ages cf hospitalized 
women with hospital diagnoses by. stage of disease and 
by principal and secondary causes for admission. The 
median age of women with a principal diagnosis of acute 
salpingitis (23 years of age) is 6 years less than that of 
women with principal diagnoses of chronic salpingitis 
(29 years of age). In contrast, the median age of women 
reported with gonorrhea in the United States is 21 
years. Women. with a principal diagnosis of salpingitis 
and PID are consistently about 6 to 9 years younger 
than women with secondary diagnoses. 

Racial differences in the rate of hospitalization for 
salpingitis and PID existed. The overall rate was 199 
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diagnoses per 100,000 population. For white women 
the rate was 154, and for all other races 509 per 
100,000 population. 

In Table III, we present hospital diagnoses of sal- 
pingitis and PID per 100,000 female population over 
14 years of age by marital status for 204,596 of the 
212,611 cases in which martial status was known. In the 
crude rate column, the highest risk groups are sepa- 
rated and divorced women (867.4 and’ 617.9, respec- 
lively). We computed age- and race-adjusted rates for 
the marital status groups to compensate for unequal 
age/race distributions within the marital status groups, 
and these adjusted rates are shown in Table III also. As 
with the crude rates, divorced and separated women 
are at greatest risk, but the rate for widowed women 
has increased tc the extent that it parallels the risk for 
single and married women. | 

Table IV compares hospitalization rates for salpin- 
gitis and PID patients with those for gonorrhea pa- 
tients for different regions of the United States. The 
first data column is the number of hospital diagnoses of 
salpingitis and PID per 1,000 women discharged, and 
the second column shows reported cases of gonorrhea 
ir. women per I, 000 population. The last two columns 
rank the salpingitis/PID and the gonorrhea rates from 
lowest to highest. The two sets of ranks either are iden- 
tical or do not differ by more than one. 

To examine the contribution of salpingitis and PID 
to total hospital admissions for women, we excluded 
admissions due to pregnancy (Table V). Thus, 10.3 of 
every 1,000 hospital admissions, excluding those for 
pregnancy, were necessitated by salpingitis and PID. For 
all ages and races, PID was the cause of hospitalization 
in one of every 100 women hospitalized in the United 
‘States during the years 1970 through 1975. The group 
at highest risk is 20 to 24 years of age. The risk in 
women over 40 years of age is quite low. The data 
column labeled “other” shows the admissions for 
salpingitis/PID among other than white women. The 
total admission rate of 31.5 for ‘ ‘other” is about four 
times higher than for white women. The highest rate in 
the “other” column is 90.6 diagnoses per 1,000 hospital 
admissions in the age group 20 to 24 years. The rate of 
90.6 indicates that salpingitis and PID is the cause of one 
in every 1] hospital admissions among 20- to 24-year- 
old patients of races other than white, and that the rate 
among those 15 to 19 years of age is not much lower. 
These rates are based only on salpingitis or PID as the 
principal cause for hospital admission and do not in- 
clude secondary diagnoses. 

The frequency of hospital deaths among women 
with diagnoses of salpingitis/PID was low. The differ- 
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Table IV. Salpingitis (Salp.) and PID cases per 
1,000 hospital discharges and gonorrhea cases per 
1,000 female population in United States, 

by region 









Salp./ Gon- Salp./ 
PID orrhea PID 


New England 7.5 1.5 l ] 
Mid-Atlantic 8.2 2.2 2 2 
E. North Central 10.3 2.6 5 4 
W. North Central 8.3 2.3 3 3 
South Atlantic 11.7 4.6 7 8 
E. South Central 15.6 4.6 9 9 
W. South Central ` 12.9 4.0 8 7 
Mountain ; 9.9 2.8 4 5 
Pacific 10.5 3.3 6 6 


Total 10.8 3.1 


Table V. Admissions for salpingitis or PID per 


1,000 total women admitted excluding pregnancy 
admissions, by age and race—-annual average in 
United States, 1970-75 


15-19 22.3 85.4 ° 99.5 31.5 
20-24 30.2 90.6 35.9 40.2 
25-29 22.6 61.0 29.4 28.8 
30-34 17.2 42.2 14.9 20.2 
35-39 99 . 242 I3.) ° 12.2 
40-49 5.1] 10.2 4.5 5.5 
50+ 0.5 Ld 0.6 0.6 
Total 74 31.5 9.9 10.3 


ence between mortality rates associated with principal 
and secondary diagnoses was not significant because of 
the very small number and high probable errors. The 
overall.rate was 4.3 per 1,000 hospitalized women. 

Table VI summarizes the disposition of hospitalized 
patients with respect to surgical procedurés. Surgery 
was performed on 42. 3% of the patients with principal 
diagnoses of salpingitis or PID and 76.1% of women 
with secondary diegnoses. Among the 212,611 hospi- 
talized women, slightly move than half (54.3%) under- 
went operations, ar-d of these, 45.6%, or 52,634, were 
subjected. to hysterectomies. Since multiple procedures 
were sometimes performec, the number of surgical 
procedures i i$ greater than the number of patients who 
underwent operation. 


Discussion 

Salpingitis and PID are major health problems in the 
United States.*-> Exchiding secondary diagnoses, one 
of every 560 women ir. the United States is hospitalized 
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Table VI. Number and types of surgical procedures on patients with diagnoses d salpingitis and PID— 


annual average in United States, 1970-75 


, No, with 
principal diagnosis {(%) eae dings ( a 
Disposition 
No surgery performed 79,311 (57.7) 17,951 (23.9) 
Surgery performed . 58,256 (42.3) 57,094 (76.1) 
Total 137,566 (100.0) 75,045 (100.0) 
Type of surgical procedures . | i 
< On ovaries 28,830 (30.3) 31,096: .. (33.0) 
On fallopian tubes 12,654 (13.3) 8,644 ` (9.2) 
Hysterectomy 21,734 (22.8) 30,900 (32.8) 
Other operations on uterus and `” 12,560 (13.2) 11,738 (12.5) 
supporting structures 
Exploratory laparotomy or celiotomy _ 8,170 (8.6) 4,055 (4.3) 
Other operations 11,204 (11.8) 7,729 (8.2) 
Total . | * 95,152 (100.0) 94,162 


annually because of salpingitis or PID. These hospi- 
talized women utilize 897,000 hospital days or 2,500 
bed-years annually. This is the equivalent of six 400 
bed hospitals just to care for patients with salpingitis or 
PID: Our data clearly indicate the adverse effect of the 
salpingitis/PID syndrome or fertility. Young women 


are-at high risk and, if hospitalized, are quite likely to . 


end up with permanent surgically induced infertility. 

This article does not purport to determine the cause 
of PID, but the similarity of distribution of salpingitis 
and PID with that of sexually transmitted diseases em- 
phasizes that sexually transmittable diseases probably 
play a major etiologic role. 

Salpingitis and. PID are used inter changeably i in the 
United States. Although the conditions descr ibed by 
these two words are quite similarly distributed, there is 
one small difference. Although PID is not subclassified 


Reason fer admission. ` 
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as acute or chronic, PID is more often the principal 
cause for hospital admission: Since acute disease is 
more likely than chronic to be the principal cause for 
admission, this suggests that the nomenclature “pelvic 
inflammatory disease” is more likely to be used for 
acute conditions and salpingitis more likely to be used 
for chronic conditions. 

Starting with 1979 data, the International Classifica- 
tion of Diseases will subdivide PID into acute and 
chronic categories. When’ these 1979 data become 
available, we will be able to test the hypothesis that 
there may be some differences in the use of the words 

“salpingitis” and “PID.” 

Regardless of terminology, one fact remains clear: 
PID is a major health problem in the United States and 
long-term sequelae will become more evident as time 
Passes. 
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Pelvic inflammatory disease among women presenting 
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We obtained reports prospectively from the emergency rooms cf 24 hospitals for 1 year. Nine 
percent of 3,505 women examined for genital infection with Neisseria gonorrhoeae were infected - 
with this organism. Two thirds of the infected women had gonoxoczal pelvic inflammatory disease. 
The ratio of gonococcal PID to nongonococcal PID was 1:4.6. V. gonorrhozae was isolated from 
20% of women with PID in cities where the rate of all reported gonococcal infection was higher than 
the rate for the entire state (200 per 100,000 population). In contrast N. gonorrhoeae was isolated 
from only 13.4% of women with PID in cities with gonococcal infection rates lower than the rate for 
the state as a whole (p < 0.01). (Am. J. OBSTET. GYNECOL. 138:909, 1980.) 


THE HOSPITAL emergency room plays an important 
role in contemporary health care delivery. Although its 
use is often a matter of convenience when private med- 
ical care is not available, the emergency room also can 
be expected to attract the more severely ill patients with 
any given disease. Infections due to Neisseria gonor- 
rhoeae are no exception. Two studies,’ * each con- 
ducted in a large urban hospital, found that infection 
with Neisseria gonorrhoeae in women was more likely to 
be detected in the emergency room than in other areas 
of the hospital, and that pelvic inflammatory disease 
was found frequently among infected women present- 
ing to the emergency room. Rendtorff and associates! 
noted that over half of the reports of positive cultures 
for N. gonorrhoeae.in Memphis came from one hospital 
and that many of the positive cultures from that hospi- 
tal had been made in the emergency rooms. At Boston 
City Hospital, we found that the clinical spectrum of 
gonococcal infection in women varied from area to 
area in the hospital.? Infected women seen in the vene- 


_ real disease clinic and in the obstetrics and gynecology 


clinic had few if any symptoms, whereas those seen in 
the emergency room were likely to have PID. Over 
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IC% of the cultures made in the emergency room con- 
tained N. gonorrhoeae and many of the infected women 
had PID. Since both of these studies used a positive 
culture for M. gonorrhoeae as the starting point, no data 
were recorded for women with nongonococcal PID. 
Both of these studies were conducted in hospitals lo- 
cated in areas of high gonorrhea morbidity. The 
frndings stimulated us to look at prevalence rates for 
FID in emergency rooms of hospitals in areas where 
gonorrhea morbidity was more representative of the 
population as a whole. 


Methods 


A prospective study was conducted from April, 1977, 
zo March, 1978, to obtain information on women exam- 
ined for gonococcal infection in emergency rooms of 
hospitals in the Commonwealth of Massachusetts. In 
the state a sample of 51 of the 204 hospitals with emer- 
gency rooms was selected initially on the basis of loca- 
tion within the six Health System Areas in Mas- 
sachusetts in 1976. All 51 hospitals were visited in 
order to discuss the emergency room management of 
women with gonorrhea and with PID. A protocol was 
developed and reviewed with the individual responsi- 
ble for collecting the data. Each hospital was asked to 
provide us with quarterly data on the results of en- 
docervical cultures for N. gonorrhoeae and on PID. The 
diagnosis of PID was made by the examining physician 
and was based on clinical manifestations such as lower 
abdominal pain, lower abdominal tenderness, adnexal 
tenderness, and pain on manipulation of the uterus. 
We did not review the patient’s medical records. If the 
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Table I. PID and the isolation of N. gonorrhoeae from endocervical specimens from women presenting 
to emergency rooms in 24 hospitals in Massachusetts 














N. gonorrhoeae 








isolated Gonococcal 
No. 
April-June, 1977 £82 209 1:3.7 
July-September, 1977 1,049 f 9.0 a 256 1:4.8 
October-December, 1977 923 8] 8.8 52 64 267 1:5.1 
January-March, 1978 651 _60 9.2 39 65 204 [35.2 
Total 3,505 317 9,0 201 63 Ey 936 1:4.6 


*Percent of women with positive cultures for N. gonorrhoeae. 


Ratio of gonococcal to nongonococcal PID. 


Table II. Relation of all reported-cases of 
gonorrhea to the prevalence of gonococcal 
infection among women with PID presenting to 
emergency rooms in 24 hospitals in Massachusetts 






N. gonorrhoeae 
isolated 









Reported cases 





of gonorrhea! 
100,000 population No. with PID 
>200 703 143 20.3 


=200 434 58 13.4 


hospital’s laboratory reported that the endocervical cul- 
ture from such a patient contained N. gonorrhoeae, she 
was considered to have gonococcal PID. A diagnosis of 
nongonococcal PID was assigned if the culture did not 
contain gonococci. 

At the conclusion of the study, a questionnaire was 
mailed to each hospital to verify whether or not it used 
the criteria developed for this study. Twenty-four 
hospitals provided consistent data for the entire study 
period and are included in this report. These hospitals 
were representative of the original 51 selected in the six 
Health System Areas. At least three hospitals from each 
Health System Area were included. 


Results 


Table I summarizes the data reported by the 24 par- | 


ticipating hospitals. About 9% of the endocervical cul- 
tures from women contained N. gonorrhoeae. Fewer 
women were examined during January to March of 
1978 when severe storms crippied eastern Massachu- 
setts and limited access to emergency rooms. Despite 
the decrease, the percentage of examined women from 
whom gonococci were recovered was similar to that 
seen during the previous quarters. The vield from test- 
ing in the emergency room was compared with the 
yield obtained in screening programs in Massachusetts 


during the same months when 1,337 (1.5%) of 89,733 
cultures contained N. gonorrhoeae. Each Health System 
Area showed a higher yield of positive cultures in 
emergency rooms than in the screening program. On 
the other hand, the total number of women tested and 
found to have gonorrhea was lower in emergency 
rooms than in the screening program. 

Of 217 women from whom gonococci were recov- 
ered in emergency rooms, 201 (63%) had PID. In con- 
trast, PID was documented in only 108 (5.2%) of 2,044 
women from whom Neisseria gonorrhoeae was isolated 
during the same 12 months in venereal disease clinics 
suppor:ed by the Massachusetts Department of Public 
Health. 

The majority of women with PID had negative 
cultures for N. gonorrhoeae. This finding was true 
statewide. Differences in the ratio of gonococcal to 
nongonococcal PID were observed in cities of kigh and 
low rates of gonorrhea morbidity. As shown in Table 
II, women with PID were more likely to have a posi- 
tive culture for N. gonorrhoeae if they presented to 
hospitals in areas with a higher than average rate of 
reported gonorrhea (p < 0.01). 


Discussion 


These data emphasize the importance of emergency 
rooms in the diagnosis and management of gonococcal 
infection. Nine percent of the women who had 
endocervical cultures for N. gonorrhoeae were infected, 
a yield per patient examined of almost an order of 
magnitude greater than that obtained in screening 
programs (1.5%). Although the technique of obtain- 
ing and handling endocervical culture specimens 
was not observed by us, the yield of 9% gonccoccal 
isolation is comparable to that reported from Boston 
City Hospital, where 169 (12.3%) of 1,377 cultures ob- 
tained from women attending the emergency room 
contained gonococci.” Furthermore, two thirds of these 
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infected women had PID, the most devastating compli-. 


cation of gonococcal infection, Only about 5% of 
women found to have gonococcal infection in venereal 
disease clinics had this important complication. 

In the past, the view of the clinical spectrum of 
gonococcal infection has been based largely on studies 
conducted in venereal disease clinics, primarily because 
data from these facilities were readily available to those 
who conducted the studies. These studies have given 
rise to the widely accepted notion that gonococcal in- 
fection in women is primarily nonsymptomatic. As indi- 
cated by the data presented herein and tn other recent 
studies,’ * the hospital emergency room plays an im- 
portant role in the diagnosis and treatment of gonococ- 
cal disease. This role has been poorly recognized be- 
cause data are harder to collect in 24 hour emergency 
rooms than in clinics operating with less heroic sched- 
ules, and because the traditional public health recording 
system has not been adapted to receive data collected in 
areas other than venereal disease clinics. Consequently, 
all emergency rooms should have the facilities and 
the staffing to enable them to detect PID in women 
who present with abdominal symptoms and to detect 
N. gonorrhoeae in endocervical cultures from these 
patients. 

As important as is gonococcal PID, only about 20% 
of patients with PID had evidence of gonococ-~ 
cal infection. This percentage was observed con- 
sistently in each quarter and in each geographic 
area. Clinical impressions of PID may be inaccurate. To 
judge the reliability of the gonococcal/nongonococcal 
PID ratio (1:4.6), we obtained data from patients at the 
Massachusetts General Hospital (no: included in this 
study). In calendar year 1976, there were 19 patenis 
with gonococcal and 68 with nongonococcal PID, a ra- 
tio of 1: 3.6, which is similar to that noted in our study. 

Not surprisingly, the likelihood that a woman pre- 
senting with PID would have gonococcal infection was 


proportional to the reported gonorrhea morbidity in | 


her community. Indeed, the lowest gonocoaccal/ 
nongonococcal ratios (1: 1.8) were seen in two hospitals 
located in Boston and Springfield, cities which have the 
highest reported rates of gonococcal infection in the 
Commonwealth. It is likely that in areas where 
gonococcal infection is seen infrequently, such as in 
many private practices, most cases of PID (often 
euphemistically termed “endometritts”) will be non- 
gonococcal. 

Several important considerations emerge from these 
data. First, since treatment for PID must be initiated 
when the patient is first seen and since gonococcal and 


nongonococcal disease cannot be reliably differentiated | 


PID in emergency room admissions 911 


‘ 


clinically,” 4 treatment schedules should be adequate 
for both the gonococcal and nongonococcal forms. 
Currently recommended treatment schedules* have 
been chosen primarily because of their efficacy in 
gonococcal PID. Since nongonococcal disease is less re- 
sponsive to initial treatment? and is more likely to result 


in -ong-term complications” 6 compared to gonococcal 


infection, adequate treatment is important. Studies as- 
sessing the short- and long-term efficacy of various 
treatment schedules for PID, gonococcal and non- 
gonococcal, are urgently needed. 

‘Treatment of PID does not end with making a clini- 
cal diagnosis and prescribing an antibiotic. Only about 
20% of patients with PID are hospitalized where they can 
be carefully monitored. All too often, the majority who 
do not require hospitalization are given a prescription 
for an oral antibiotic and told to make an appointment 
to see their gynecologist in a week or two. Closer obser- 
vation of these patients is warranted. One approach is 
to give the patient an appointment to be seen in 2 or 3 
days. This visit can occur in a private office, a hospital 
gynecology clinic, or in a venereal disease clinic. During 
this visit, the results of the pretreatment cultures can be 
discussed with the patient. If N. gonorrhoeae was recov- 
ered from the pretreatment cultures, treatment of male 
sexual partners, who are often nonsymptomatic,*” 7 
can be undertaken while the index patient is still being 
treated. In addition, the patient can be reexamined to 
ensure that the initial diagnosis of PID was correct and 
that the patient is responding satisfactorily to the ini- 
tialy prescribed treatment. If not, hospitalization or a 
change of anubiotics may be required. 

The management of the sexual partners of women 
who have nongonococcal PID is not well defined. Some 
of these men will be infected with C. trachomatis. Others 
will not be infected with any agent for which treatment 
is currently indicated. Since cultures for C. trachomatis 
are not available to most clinicians, an approach must 
be developed that does not depend on the results of 
chlamydial cultures. One such approach would be to 
examine male sexual partners of women who have 
nongonococcal PID for pyuria. Those who have pyuria 
could be treated for presumed chlamydial urethritis. 
Another approach would be to administer tetracycline 
to all sexual partners of women with nongonococcal 
PID. This important area requires further study. 


We acknowledge the assistance of John Narkunas, 
John Sirmen, Barbara Carlson, Roger Kelly, Marion 
Malinowski, Estelle McGonough, Elizabeth Penhy, 
Therese Rheaume, Helen Urgilevitch, and Marie 
Ceraso. 
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Pelvic inflammatory disease and its consequences in 


the developing world 
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THE PATTERNS OF pelvic inflammatory disease, its 
consequences and its underlying causes, its impact on 
health and health services, and the alternative strate- 
gies. for control vary as widely between developing 
countries as between developed and developing coun- 
tries. In the developed countries, concern over the 
problem of PID had been focused on the role of sexu- 
ally transmitted disease (STD), the role of different mi- 
croorganisms in the etiology of acute salpingitis and 
their consequences, diagnostic procedures and optimal 
therapy, and public health strategies for the control of 
STDs. As a result of the clinical and epidemiologic 
studies of research groups in Sweden and the United 
States, a model of the problem of PID and its conse- 
quences has been developed and may be used both in 
understanding the disease and in evolving a strategy 
for control. A simplified representation of that model is 
shown in Fig. 1. In the developed world, the incidence 
and epidemiology of STD infections and the patterns 
of contraceptive use are among the important factors 
affecting PID levels and its sequelae, particularly infer- 
tility and ectopic pregnancy. 

Understanding the epidemiology of PID and its con- 
sequences in the developing countries is not nearly as 
simple. Aside from the very wide variations among de- 
veloping countries in the prevalence ot Neisseria gonor: 
rhoeae and the other STD organisms, such factors as 
access to and use of health services, differential risks of 
puerperal sepsis and of infection after abortion, the 
prevalence of genital tract tuberculosis, and the preva- 
lence of such endemic diseases as schistosomiasis and 
filariasis may affect the patterns of PID and its conse- 
quences. The model of PID that may be more applica- 
ble to the developing world is presented in Fig. 2. 
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As in the case of the developed countries, it may be 
possible to use the model as a guide to epidemiologic 
research ard to developing a strategy for the control 
and prever:tion of PID and its consequences. It may 
thus be possible to estimate the relative importance of 
STD, the effects of infection post partum or post abor- 
tion, and the contribution to the problem of other en- 
demic diseases such as tuberculosis, schistosomiasis, 
and filariasis. . 


Prevalence of pelvic inflammatory disease 


There are little data from developing countries on 
the incidence of PID per se, but despite this, there are 
indications chat it is a problem of some magnitude. 
Lithzow and Rubin! state that pelvic sepsis is probably 
the commonest gynecologic disease afflicting the Afri- 
can woman; cases of pelvic sepsis comprise approx- 
imately one third of admissions to any large Southern 
African Bantu. gynecology unit. Griffiths? states that i in 
certain tribes in Uganda, up to 50% of the women are 
infertile as a result of the tubal occlusive sequelae of 
gonococcal PID. A similar finding was made by Scragg? 
in investigating the depopulation of several areas of 
New Ireland. In certain tribes, 74% of the married 
coup.es were infertile, and on hysterosalpingography, 
80% of the female partners showed degrees of tubal 
occlusion.suficient to suggest infertility. 

As an index of the frequency of the problem, some 
authcrs site the percentage of gynecologic admissions 
owing to PID. Since the universe from which the cases 
are drawn is seldom defined, and the number of cases 
incluced depends largely on the degree of awareness 
on the part of personnel and diagnostic criteria, there 
is little comparability between data and no wider infer- 
ences can be drawn of the overall prevalence other 
than to note that, for many countries, PID constitutes a 


serious health problem (Tables IA and IB). 


Mar.y authors focus only on acute salpingitis, exclud- 
ing chronic PID and infections post partum and post 
abortion. As noted in Tables II and III, the proportion 
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Fig. 1. A simplified model of PID in developed countries. 


of acute to chronic cases of PID may vary widelv and 
provide a clue as to the relative role of STD, infections 
post partum and post abortion, and tuberculosis in the 
overall problem of PID. . 

In the African setting, acute salpingitis, chronic sal- 
pingitis, and puerperal sepsis are all commonly en- 
countered. In the Indian experience, the number of 
cases of acute salpingitis was small, as was the rate of 
recovery of N. gonorrhoeae, whereas chronic PID was 
most common among all cases. In another Indian cen- 
ter, 26.4% of infertility cases were associated with tu- 
bal pathology, with nearly 40% of these cases being tu- 
berculous in origin.* 5 It appears that tuberculosis, 
puerperal sepsis, and infections post abortion are the 
most important underlying causes of PID in the Indian 
setting. 


Age structure 


A further differentiation of PID related to the STDs 
ani PID related to obstetric events might be obtained 
by examining the age-specific rates of either acute PID 
or salpingitis and the rates for chronic PID. The curve 
of the age distribution for patients with acute PID in 
Uganda® (Fig. 5) bears a close resemblance to the age- 


specific rates seen by Wright and Laemmle’ in an indi- 


gent American population (Fig. 4). 

It remains to be established whether or not the age 
distribution of patients with chronic PID differs from 
that of patients with acute disease. 

A correlation between age of sexual debut and an 
ir.creased risk of PID has been suggested. Grech and 
associates? found that in Kampala, Uganda, 83.8% of 
patients with PID had their sexual debuts before the 
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age of 16 years, although no control figures are pro- 
vided. This should be viewed in the light of the finding 
by Weström and colleagues®™" who estimated a relative 
risk of salpingitis of 1:8 for sexually active 15-year-old 
girls as opposed to a risk of 1:80 for 24-year-old 
women. 

A similar association between age at onset of sexual 
activity and prevalence of infertility was noted in the 
Cameroon, by Falahala’? (Table IV). 


Prevalence/incidence of sexually transmitted 

diseases . | | 

‘There are two sources of data on either the incidence 
rate or the prevalence of gonorrhea and other STDs: 
national statistics of reported cases and ad hoc popula- 
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Fig. 2. An etiologic model of acute PID and its sequelae in developing countries. 


tion surveys. National statistics for gonorrhea repre- 
sent minimal estimates because of variations owing to 
underreporting. National incidence rates of varying 
reliability for some developing countries are presented 
in Table V. | 

Surveys of defined population groups using stan- 
dardized diagnostic and laboratory procedures repre- 
sent a more reliable estimate of a limited population. 
Prevalence or incidence data from studies in several 
African countries are presented in Table VI. The 
prevalence rates of N. gonorrhoeae among asymptomatic 
individuals are no lower than 1%, except in one district 
in Zaire, and they are as high as 14% among asymp- 
tomatic pregnant women in Cameroon. 

Between countries and between population sub- 


916 Muir and Belsey 


NUMBER OF CASES 


q15-19 


December 1, 198G 
Am. J. Obstet. Gynecol. 





20-24 25-29 30-34 35-39 40~24 


AGE 


Fig. 3. Age-specific case rate, Uganda. (From Grech and associates.’) 


Table IA. Percent-admissions to gynecology 
services for PID—published reports from Africa 







% 
oe Admissions 
Author 


Weissenberger etal. Zimbabwe 44 
Grech et al.® 4 Uganda (1972) 30.7 
Silbert® South Africa (Cape, 25 
colored consultations) . 
Trussel?? Uganda (1963) 21.95 
Lithgow and Rubin’ South Africa (Bantu) 15.8 


groups within a country there are wide variations in the 
prevalence rates for gonococcal infection. In Zim- 
babwe, family planning clinic attendees had a 12% 
prevalence rate of N. gonorrhoeae compared to a rate of 
2% for antenatal clinic attendees (Table VI). For the 
same categories of women in the Cameroon, the rates 
were reversed, 1.9% rate of N. gonorrhoeae among 
asymptomatic attendees of family planning clinics and 
13.6% among asymptomatic pregnant women. Even 
within a family planning clinic population, rates vary, 
for example, with such factors as marital status in 
Kenya.-In one area of Uganda between 8% and 16% of 
all health clinic consultations were for gonococcal i in- 
fections. 

The role of pregnancy as a factor increasing the risk 
of gonococcal infection cannot always be ascertained by 
comparing the prevalence rates for gonorrhea among 


f 


antenatal patients and control groups because of pos- 
sible selective bias and differing sexual patterns both by 
social grouping and by pregnancy status. As previously 
noted, the prevalence rates of gonorrhea among preg- 
nant women and attendees of family planning clinics in 
a Zimbabwe study are the inverse of those in a study 
from the Cameroon. However, in a field study in a 
rural area of Uganda where the risk of exposure to 
gonococci was the same for pregnant and nonpregnant 
women, Arya’? noted a significantly higher rate of 
gonococcal isolations in pregnant women (40%) as 
compared with nonpregnant women (19.8%). This ob- 
servation, coupled with that of Nasah and Evang" of 
similar rates of gonorrhea in pregnant women regard- 
less of presence or absence of symptoms (Table VI), 
suggests an important role for gonococci and other 
STDs in the etiology of puerperal sepsis or infection 
post abortion, particularly as they note that the isola- 
tion of gonococci in cases of puerperal sepsis was twice 
that from nonseptic patients post partum. 


Incidence rate of PID in a population of women 
with lower genital tract infections 


The rate at which PID develops in the subpopulation 
with gonorrhea has been estimated to be 10.8% in 
Sweden.® 1} * However, no data are available indicat- 
ing at what rate chlamydial or other microbial in- 
fections of the lower genital tract progress to PID. The 
only data available are on the proportion of cases of 
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Fig. 4. Age-specific rates for acute first “definite” episodes of PID, 1965, (From Wrightand Laemmle.’) 


Table IB. Distribution of gynecologic admissions by diagnosis per year—WHO Collaborating Centres for 
Clinical Research in Human Reproduction 



















Admissions Admissions Jor Admissions for Admissions for 
No. for PID puerperal sepsis septic abortion ectopic pregnancy 
gynecologic 
India 
l 2,956 250 9.36 22 C.85 19 0.60 30 1.00 
2 1,956 30 1.50 17 0.90 21) 1.02 20 1.02 
3 4,115 24 0.58 59 1.70 49 1.19 12 0.30 
Pakistan 6,787 19 0.30 293 4.32 95 1.40 36 0.53 
Philippines 1,328 30. 23 38 2.90 132 9.94 120 9.04 
Thailand 
I 1,638 135 8.19 88 5.34 164 9.95 90 5.46 
2 2,070 60 2.90 42 2 03 658 31.79 133 6.42 
Zambia 5,355 664 12.40 158 2 95 91 1.70 75 1.40 
Tanzania* 6,636 757 11.40 NAT — NA — ' 134 2.08 
Egypt 4,619 62 1,34 195 4.22 86 1.86 36 0.78 
Malaysia* 2,736 7 0.26 2 0.07 | 62 2:5 54 1.97 
Australia 9.177 115 1.25 8 0.08 6 0.06 82 0.89 
Hungary 889 150 16.87 12 1.35 7 0.79 25 2.84 
Yugoslavia 8,418 873 10.37 49 0.48 4 0.05 159 1.65 
Cuba 4,163 138 3.31 9] 2.19 1] 0.26 37 0.89 


*Not designated WHO Collaborating Centres for Clinical Research in Human Reproduction. 


+ Not applicable. 


PID in which N. gonorrhoeae and other organisms are 
implicated. These proportions vary both temporally 
and geographically (Table VII). The reliability of the 
figures obviously is dependent on the adequacy of mi- 
crobiologic diagnostic procedures. Other factors affect- 
ing the rate of gonococcus isolation in cases of PID 
include availability of and self-treatment with antibiot- 


ics, a common phenomenon in the developing world, 
and the evolution of antibiotic-resistant microbial 
strains ‘© 

Chlamydia trachomatis. It has been suggested that 
Chlamydia trachomatis is the most common causative 
agent of STD in many developed countries.‘ It has 
been implicated as an etiologic agent in PID as well as 
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Table II. Description of 800 cases of PID diagnosed 
during 7 years in an Indian hospital* 


z 


Total cases 800 100.0 
PID i 

Acute 28 3.5 

Chronic 772 96.5 
N. gonorrhoeae — 

History suggestive of infection 33 4.1 

Isolated LI 1.4 
Tuberculous 48 6.0 
Postpartum 122 15.3 
Pastabortion 76 9.5 
Postinstrumentation _ 75 9.3 


* Data from Shah and associates.”! 


Table III. Composition of PID and associated 
cases in two African hospitals 





Acute PID 334 60 37 16 
Puerperal sepsis 85 15.3 

Chronic infection 26 4.7 

Pyosalpinx 72 12.9 34 14.7 
Hydrosalpinx 19 8.2 
Abscess 36 65 48 208 
Tubercular PID 3 5 2 09 
Septic spontaneous symphysiotomy l a 

Pyometria lL 04 
Pelvic sepsis unspecified OET _93 40.3 
Total 557 234 

% Gynecologic admissions 15.8 ` 22 


*Data from Lithgow and Rubin.’ 
tData from Trussel.” 


lower genital tract infections, and in one series it was 
isolated in 35% of cases of confirmed salpingitis,’ al- 
though no firm incidence rates are available. Back- 
ground infection rates of 1% to 2% in asymptomatic 
men and 5% in asymptomatic women have been found 
in developed countries. The higher incidence in 
women is explained by the more rapid symptomatic 
response in men. 

Punnonen and colleagues*® have implicated C. tra- 
chomatis in infertility, showing that, matched against 
pregnant women, infertile women had a rate of anti- 
body response to C. trachomatis of 57% (as opposed to 
29%) a difference significant at P < 0.001. 

The only data on chlamydial infection of the genital 
tract in Africa are the preliminary findings in the 
Cameroon by Professor P. C. Mafiamba* of serologic 
evidence of such infections in 50% of the population 


*Unpublished data. 


December 1, 1980 
Am. J. Obstet. Gynecol. 


Table IV. Number of live births among married 
women more than 25 years of age by duration of 
premarital sexual activity, East Province, Cameroon* 





Duration of Live births 


fremarital sexual 









activity (yr) No. 21 (%) 
0 8 (6.0) 126 (94.0) 
Up to 3 3 (9.4) 29 (90.6) 
3-5 5 (17.9) 23 (82.1) 
=6 18 (24.0) 57 (76.0) 


*Data from Falahala.!* 


Table V. Incidence rate of gonorrhea infection in 
developing countries, by year* 


Country Incidence/100 adults lyr 
India 1977 0.15 
Mexico 1977 0.43 
Bolivia 1976 0.46 
Argentina 1976 0.66 
Upper Volta 1977 0.92 
Uzanda 1977 1.56 
Kenya 1976 2.27 
Colombia 1976 2.17 
Mali 1977 2.91 
Mauritania 1976 4.84 
Bahamas 1976 6.67 
Central African Republic 1977 7.51 
Lesotho 1977 11.43 
Gambia 1976 17.78 
Greenland 1977 216.95 


1Data from World Health Organization.* 


surveyed and serologic evidence of recent infection in 
16%. At present, the numbers (63 serum samples) are 
insufficient to draw any conclusions regarding the as- 
sociation of infertility and chlamydiae. 

Tuberculosis. ‘Tubercular salpingitis, once account- 
ing for a significant proportion of salpingitis cases 
throughout the world, is now a rarity in most devel- 
oped countries. In many developing countries, tuber- 
culosis remains a major health problem and genital tu- 
berculosis accounts for a significant proportion of 
women presenting with infertility. Among 80) women 
with PID in one Indian series, 6% of cases were attrib- 
uted to tuberculosis.”? In another study of 125 patients 
with chronic PID, which included a laparoscopic inves- 
tigation, 59 (49%) were found to have tuberculous 
genital tract infection,® while nearly 13% of 491 cases of 
primary infertility were attributed to pelvic tuberculo- 
sis.4 In Ibadan, Ojo and co-workers” found that 3.5% 
oT patients presenting with infertility had genital tuber- 
culosis. | 

Infections post partum and post abortion. In many 
developing countries, delivery of infants most often 
takes place in the home, under the care of traditional 
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Table VI. Prevalence and incidence rates for N. gonorrhoeae in African countries, by type of study 


Country 
Uganda 


Kenya 


Zaire 


Cameroon 


Rhodesia (Zimbabwe) 


Nigeria 


*Gonococci. 


Arya et al. 


Arya and Lawson’ 
Bennett’? 


Hopcraft et al." 


Verhagen” 


Romaniuk” 


Nasah and Eyang" 


Weissenberger et al.*® 


Osoba et al.5&57 


o. individuals 
Author Type of study in sample 


Prevalence in samples 
Teso (rural). 
Ankole (rural) 
Kampala 
Kasangati (semi-rural) 
Incidence rate in male 
university students 
Attendees at a rural 
health service 
Prevalence 
Married users 
Married nonusers 
Unmarried users 
Unmarried nonusers 
Incidence based on 
attendees/population 
Prevalence among 
women surveyec. in 
1957 in five districts 


Prevalence 
Pregnant womer. 
Symptomatic 
Asymptomatic 
Family planning clinic 
Symptomatic 
Asymptomatic 
Immediate post- 
partum 
Symptomatic 
Asymptomatic 
Prevalence among 3ub- 
jects in 
Gynecology clinic 
Antenatal clinic 
Family planning <linic 
Prevalence among 
Asymptomatic preg- 
nant women 
Symptomatic women 
Asymptomatic women 
Infertile women 


Prevalence 
or incidence 


613 (343 women) 7.5% 
= 1.20% 
— 15.0% 
_— 2.76% 
1,200 at risk 28.5%/yr for STD 


18.8% GC*/yr 


27 620 8%-10% of all health 
clinic attendances 

50 12.0% 
50 5.0% 
50 28.0% 
50 24.0% 
— 2.0% 
— 3.8% 
2.7% 
2.5% 
1.6% 
0.4% 
610 15.2% 
110 13.6% 
3I 21.0% 
53 1.9% 
492 214% 
296 10.2% 

118 11.0% | 
50 2.0% 
100 12.0% 
208 3.4% 
228 17.0% 
130 5.0% 
151 1.3% 


Table VII. Relationship between occurrence of gonococcal infeczion and acute PID, by country 








Author 





Falk?” 
Westrom and Mårdh? 


Jacobson and Weström® 


Eschenbach et al.™® 


McBrown and Cruikshank”? 


Nasah and Eyang” 
Grech et al. 
Carty et al.® 
Shah et al.”! 


* Gonococci. 


Sweden 
Sweden 


Sweden 
U.S.A. 
Zimbabwe 
Cameroon 
Uganda 
Kenya 
India 


% Incidence of PID 
in women infected with GC* 


% PID cases 
associated with presence 
of gonococcal infections 






4] 
50 (1965) 
9.7 (1973) 


43 
1.1 Proven 
4.1 Presumed 








ha 
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120 140 160 180 200 220 240 
General fertility rate 


Fig. 5. General fertility rate and gonococcal infection rates in 
14 Ugandan districts. (From Griffiths.” | 


midwives. In addition, in some countries illegal abor- 
tion rates tend to be very high. In these circumstances, 
both postpartum and postabortion sepsis remain im- 
portant as sources of maternal death and morbidity, 
and may be significant factors in the production of both 
acute and chronic PID (Tables II and III). 

Several studies show that infections post partum and 
post abortion maintain their importance in the devel- 
oping countries. Trussel”® stated that the commonest 
conditions predisposing to PID in Uganda were gonor- 
rhea and puerperal fever; this was confirmed by Grech, 
Everett, and Mukasa® who showed that 19.7% of PID 
cases followed either delivery or abortion. 

The relative proportion of admissions associated 
with puerperal sepsis or septic abortion is noted in 
Table IB for hospitals in 11 developing countries. 

The influence of other infectious agents. It is sug- 
gested that there are other infectious agents which 
occur in developing countries and which play a role in 
increasing the incidence of PID and its sequelae. In 
particular, schistosomiasis and filariasis have been sug- 
gested as etiologic agents.** ** These infections might 
directly affect the fallopian tubes or might predispose 
to chronic local infections in association with the tran- 
sient asymptomatic presence of microorganisms in the 
fallopian tubes.?® 

Schistosomiasis. Both Schistosoma mansoni and S. 
haematobium may be found in the genital tract, but S. 
haematobium is the more common in the pelvic organs.?* 
In a study from Zimbabwe, Gelfand and associates™® 
established an incidence of genital involvement of 50% 
in autopsies of 64 consecutive women. The lesions in- 
volved mainly the deposition of ova in tubal tissues. 
Mouktar” cites case studies in Egypt indicating the oc- 
currence of schistosomal salpingitis, both chronic and 
acute. In Malawi, Bullough?’ reported a significantly 
higher rate of S. haematobium infections in patients with 
primary and secondary infertility (41.8% and 38.0%) as 
compared to fertile control women admitted for in- 
complete abortion (21.4%). 


December I, 19809 
Am, J. Obstet. Gynecol. 
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Fig. 6. Age-specific birth rates by 5 year cohorts of women 
born between 1915 and 1942 in New Ireland. (Adapted from 
Ring and Scragg.*) - 


The significance of schistosomal involvement may lie 
in us weakening and irritation of tubal tissues, which 
renders them more vulnerable to secondary infections. 
There is also a suggestion that ectopic pregnancy rates 
are higher in women with bilharzia.*® 

Filariasis. Filarial infection involves the genital lym- 
phatic system of both men and women. Romiti® sug- 
gesis that involvement of broad ligament lymphatic 
drzinage so weakens tubal tissue as to render it liable to 
secondary infection, and cites this as a mechanism of 
preduction of PID and tubal occlusion. 

Modawi"! ascribes areas of high infertility to filarial 
infection in the Sudan. Nasah and Cox” have sug- 
gested that filarial involvement of the testis is corre- 
lated with a local immune reaction in the testis and with 
the extent of oligospermia or azospermia in infertile 
men. Whether significant filarial lesions exist or are 
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Table VIII. Indices of fertility in various countries* 





Nigeria 
Women married 2+ yr 
Women married 4+ yr 
Women married 2+ yr, aged 20-29 yr 3 
Woman married 2+ yr, aged 30-39 yr 3. 
Zambia ` 
Women E 35-39 yr, 8 provinces 
Central 
Copperbelt 
Eastern 
Luapula 
Northern 
Northwestern 
Southern 
Western 
Colombia 
Married women aged 35-39 yr 
Urban 
Rural 
Korea 
Married women aged 35-39 yr 
Seoul 1.0 
Other urban 2.0 
Rural 1.0 
Thailand 
Ever-married women aged 35-39 yr 1.5 
Women married 10-19 yr 
Pakistan, 
Ever-married women aged 35-39 yr 4.0 
Women married 10-19 yr 
Papua New Guinea 
Women aged 35-39 yr 
Buka 
New Ireland 
Malaysia 
Currently married women aged 35-39 
f l 
Women currently married 10-14 yr 
Women currently married 15-19 yr 


*Data from Belsey.®! 


associated with infertility in the woman still remains to 
be established. 


Sequelae of pelvic inflammatory disease 


Infertility. Many reports attempting to define the 
role of gonorrhea in infertility rely on data gathered 
from the male population; nevertheless, such reports 
as that of Griffiths? exemplify the correlation between 
such indicators as urethral stricture, N. gonorrhoeae at- 
tack rates, and overall fertility levels (Fig. 5). 

In the absence of specific epidemiologic studies on 
the prevalence of infertility, estimates of the magnitude 
of the problem are often imprecise, being based either 
on demographic data or on health service statistics. 

Several indices have been used to describe the mag- 
nitude and the distribution of infertility. Rates of 
childlessness, nulliparity, and nulligravidity provide 
estimates of primary infertility. Furthermore, if ane 


Secondary boas one 
% Never ike ea % Nulliparous yer children born | child born 
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Childless 


1.6 
1.8 
11.1 
155 

13.0 
14.0 
11.0 
13.0 
6.0 
24.0 
15.0 
20.0 
13.0 
7.0 
1.0 
3.0 
1.0 

1.5 5.1] 

4.0 4.0 

2.0 2.0 64 

29.8 29.8 9.6 
1.9 

2.7 3.5 

0.7 25 


assumes that couples are not practicing voluntary in- 
fertility, i.e., the use of either traditional or modern 
methods of contraception, and that sexual intercourse 
is occurring regularly, then the failure to have a second 


-child after a defined period of time, for example 10 to 


14 years, could be used as an indirect indicator of sec- 
ondazy infertility. 

The indices of primary infertility vary widely, being 
as low as 1.0% and 1.5% (nulligravid) for married wom- 
en 35 to 39 years of age in Korea and Thailand, and 
as high as 18% and 23% for similar women in urban 
areas of Colombia and one rural area of Papua New 
Guinea (Table VIII), and even higher in some parts of 
Africa (Table IX). The higher levels of either childless- 
ness or nulliparity in the urban areas of some develop- 
ing’ countries, as represented by Colombia (Table 
VIII). suggest either that voluntary infertility rates are 
higher in the urban areas or that certain of the “ac- 


t aad 
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Table IX. Indices of infertility and general fertility in Central and West Africa 










Country and/or region Population m 1,000s 





Camaroon, 
West 1,025 196 
Southeast . 1,135 
North 1,395 
Central African Empire 1,021 157 
Banda 318 122 
Nzakara 30 48 
Baya 294 194 
Central region 240 125 
West region 643 187 
River region 134 101 
Gabon 440 116 
Wolen N’tem 78 122 
Ogoone Lolo 37 80 
Nyanga 37 170 
Upper Volta 4,440 194 
Niger 2,600 232 
Mali (Toureg) 76 209 
Senegal 3,049 178 
Sudan 10,262 
Bahr el Ghaza a9] 
Blue Nile 2,070 
Darfur 1,329 
Equatoria 904 
Kassala 941 
Khartoum 505 
Kordofan 1,762 
Northern 873 
Upper Nile 889 
Zaire 21,800 171 
Kwango 466 203 
S. Kivu 831 211 
Equateur 302 133 
Tahuapa 395 113 
Stanleyville 635 123 
Bea-Vele _ 468 64 
Haut-Vele 589 83 
Nanie-Ma 447 129 
Congot 145 


*Data from Belsey.* 
tExcludes Brazzaville and Pointe Noire. 


quired” causes of infertility, such as PID, are more 
common in these areas. 

The presumed role of gonococcal infection in infer- 
tility in Papua New Guinea Is supported by the rise in 
the age-specific fertility rates in women whose repro- 
ductive careers benefited from a mass penicillin ther- 
apy program* (Fig. O): 

An examination of the proportion of couples suffer- 
ing from primary vs. secondary infertility may in some 
circumstances provide some suggestions as to the etiol- 
ogy of infertility in that particular setting. The varia- 
tion in the rates of primary and secondary infertility 
reflects differences in the pattern of underlying causes. 
Clinic-based data generally suggest a predominance 
of primary infertility, which affects from 53% to 75% 
of couples seeking assistance.” This predominance of 


General fertility rate 
(no. births/1,000 
women aged 15-44 yr) 







% Childless 
women 


% Childless 


woren 










Crude live birth 





ratel1,000 population | aged 25-29 yr | aged 50+ yr 
49.& 7.0 6.7 
36.4 28 23 
41.0 Al 
48 25.2 13.6 
40.6 
20.0 
54.6 
41.0 34.7 15.0 
53 19.4 10.4 
36 36.3 19.0 
35 34 31.9 
37 i 312 
29 46.2 
52 17.8 
49.6 7.2 6 
50.55 12.8 5.2 
52 26 15 
43.3 12 5.6 
Bley 9.6 
84.5 4.2 
45.7 3.4 
41.3 1:3 
54.1 212 
42.6 13.5 
40.7 9.7 
50.0 9.9 
43.0 7.8 
69.3 2.3 
42.7 22.1 17.6 
48.1 6.8 ; 3.4 
52.3 Tl 4.6 
33.7 39.1 40.0 
30.5 . 44.1] 33.0 
34.0 34.4 23.3 
19.1 50.7 37:3 
23.2 46.2 36.9 
34.3 27.9 23:5 
41.1 17 15 


primary infertility may not hold true for many African 
clinics. For example, in one report from Mali, nearly 
two thirds of the 248 clinic consultations in a 15 month 
period involved couples suffering from secondary in- 
fertility.2° Similar patterns have been reported from 
Gzbon.*’ In contrast to that derived from clinical data, 
the impression from the various demographic indices 
of several developing countries is that secondary infer- 
tility occurs as frequently if not more frequently than 
primary infertility. For example, among women cur- 
rently married 15 to 19 years in Malaysia, 0.7% have 
never borne a child, whereas 2.5% have borne only one 
child. l , 

In the extreme situations where the levels of infertil- 
ity are high and predominantly either primary or sec- 
ondary, it may be possible to hypothesize a single un- 
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derlying mechanism or cause. For example (Fig. 7), 

although, high levels of infertility are noted in two dis- 
tricts in the southern Sudan, in one district the pattern 
is alrnost exclusively one of secondary infertility which 
suggests a major role for postpartum factors such as 
sepsis. In the other districts, the problem appears to be 
predominantly oné of primary infertility, suggesting 
etiologic factors operating before or at the time of pu- 
berty which affect either ovulation or the patency of 
the fallopian tube or spermatogenesis. 

In a series of 1,457 cases of laparoscopically con- 
firmed PID studied by Weström and Mårdh,’ there was 
an overall reduction in fertility of 21.2% in the post- 
PID population. There was an increasing risk of infer- 
tility with increasing numbers of attacks, with the risks 
of tubal occlusion after one, two, and three or more 
attacks of PID being 12.8%, 35.5%, and 75%, respec- 
tively. 

Reports on hysterosalpingogr aphy and laparoscopy 
investigations of infertile women in the developing 
countries show that tubal occlusive phenomena are the 
predominant cause of both primary and secondary in- 
fertility, but the percent attributable to tubal occlusion 
varies widely (Table X), 

Ectopic pregnancy. As a sequela of PID, the rate of 
ectopic pregnancy relative to normal delivery is increas- 
ing in many developed countries. Thus, ectopic preg- 
nancy has attracted renewed attention, particularly 
since there appears to be an interaction among increas- 
ing rates of usage of the intrauterine contraceptive de- 
vice (IUCD), PID, and ectopic pr egnancy.!% 1 38 

The role of previous pregnancy or induced abortion 
on the occurrence of ectopic pregnancy can be esti- 
mated from data derived from the Stockholm com- 
puter register of hospital admissions (Table XI). From 
1972 to 1975, the rate of ectopic pregnancy following a 
previous live birth was 1.2%, or an ectopic pregnancy/ 
delivery ratio of 1: 68. Comparable rates and ratios fol- 
lowing an iriduced abortion are 1.7% and 1:46, Apply- 
ing these rates to Swedish births in 1974, the ectopic 
pregnancy delivery ratio is 1: 133. 

In developing countries, ectopic pregnancy rates are 
generally higher than in developed countries. Kairuki® 
found a ratio of 1:91 for Kampala, and although direct 
evidence of PID was lacking, 10% to 12% of patients 
admitted previous treatment for gonorrhea, while 
17.5% had previously had abortions. Oronsaye,* in a 
survey of 65 cases over a 3 year period in Benin, calcu- 
lated a ratio of 1:88; 26.5% had previously had abor- 
tions while 58% had evidence of pelvic inflammation at 
laparotomy. Maley and Auma“! reported pelvic in- 
flammation in 35% of cases. 

The estimates of increased risk of suffering an ec- 
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Fig. 7. Percentage distribution by number of children of 


‘ women past childbearing age. Three districts in the Sudan. 


topic pregnancy following PID are about six- to tenfold 
the normal risk.'" 38 In a series studied by Urquhart," a 
ratio of ectepic pregnancy/uterine conception of 1: 146 
in controls was noted against a ratio of 1:19 for those 
whe had had one attack of PID. 

An indirect indicator possibly distinguishing the role 
of obstetric events from STDs in the etiology of ectopic 
pregnancy would be the proportion of cases among 
nulliparous and parous women. Thus, in the two stud- 
ies Irom East Africa, the percentages of nulliparous 
women amcng those with ectopic pregnancy were 8.7% 
and 9.2%.% 4! In contrast, in two developed coun- 
tries, 43 30% and 25% of the patients with ectopic 
pregnancy had never béen pregnant before. 

Chronic PID and repeat PID. In developing coun- 
tries, these two sequelae groups are likely to be ex- 
tremely important. While Westrém and Mårdh" esti- 
mate that 19.0% of individuals have a repeat acute 
attack through either reinfection or exacerbation of a 
chronic infection, it is likely that, in circumstance of low 
referral rates to health services for treatment of either 
the predisposing infection or PID itself, the rates of 
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Table X..Percent of infertility attributable to tubal occlusion 


Author Country Total cases _ owing to tubal occlusion 

Mati et al.* Keriya 73.1 
Campbell and Roberts-Thompson®™ Papua New Guinea 86.4 
Ratnam et al.™ Singapore 11.7 
Dor et al.™ Israel 16.3 
Carty et al.® Kenya 60-80 
Moutsinga*’ Gabon 49 
Merle and Peuch-Lestrade™ Cameroon 88 
Allard® Congo 578 64 
Krishna et al.? India 697 . 26 
Meuwissen® Ghana 398 61.6 
Gargouche and Maximer™ Tunisia 114 40.4 
Nakamura et al.® Brazil 1000 | 34.9 


- 


Table XI. Ectopic pregnancy ratic and rate following delivery and abortion, Stockholm 1972-75 






_, Previous event 


Current outcome, P Expected _ Ratio for 
Live births | ectopic pregnancies Ratio | Births in 1974 | ectopic pregnancies | multiple pregnancy only 
50 






Delivery 3,394 ) 1.2% 

Abortion 648 14 1.7% l 

First birth order 48,980 124+ . 
Second birth order 60,894 730 1:133 
Total births 109,874 


With sixfold increase, ratio among post-PID patients = 1:22. 
* All pregnancies excluding induced abortion. 


+Expected deliveries with previous abortion = 15.5% and percentage of these among multiparous women = 43% (does not 
include patients with ectopic pregnancy and nulliparous patients with FID). 


production of chronic infection and reinfection will be 
high. Grech and associates’ state that at Mulago Hospi- 
tal, Kampala, 52% of patients with acute PID give a 
history of previous episodes of the disease. 

With each repeat attack, the risks of suffering an 
ectopic pregnancy, tubal occlusion, chronic pain, and 
chronic infection increase. Relative risks have not been 
established except for tubal occlusion for which inci- 
dence rates after one, two, and three attacks are 12.8%, 
35.3%, and 75%, respectively.® ' 


A model of PID and its consequences 


In the absence of data on the prevalence or incidence 
rates of PID, its precursors, or its sequelae, the model de: 
veloped by Weström and colleagues,*~"' Falk,’ Wright,’ 
and others, and modified by us, may be used to test 
alternative hypotheses on the relative importance of 
the STDs, puerperal sepsis, etc., with respect to PID 
and its consequences. a 

The model assumes a predictive ability. For example, 
given a certain rate of ectopic pregnancy within a 
community, it should be possible zo calculate what pro- 
portion of that is due to PID, postpartum sepsis, etc. 
Conversely, given that we might not know the levels of 

‘PID, but that we know the incidence of a precursor 


such as gonorrhea and of a sequela such as infertility, 
we might be able to suggest to what extent PID plays a 
role in the incidence of that sequela. | 

The incidence rates of the precursors of PID and the 
risks of the various sequelae following PID have been 
der:ved from studies in the United States and Sweden. 

Certain subpopulations are subject to increased risks; 
the model can be applied to each individually. Thus, in 
women aged 15 to 29 years incidence rates of PID are 
sigr-ificantly greater than in those aged 30 to 44 
yeazs.™ 1} 17 In addition, women who wear an IUCD 
are at significantly greater risk of developing PID and 
ectopic pregnancy than ‘those who use other con- 
traceptive methods. !! 2 38 

Accepting the limitations of trying to apply rates 
applicable to the developed world to those. conditions 
prevailing in the developing world, it is possible that a 
model such as this may be used to predict at least the 
minimal levels given, for instance, the incidence of 
gonorrhea, ectopic pregnancy, or infertility. 

by example, using available data from Kenya, we can 
compare the estimated and observed frequencies of in- 
fercility and ectopic pregnancy, as noted in Tables 
XIZA and XIIB. 

The model predicts higher ectopic pregnancy rates, 
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Table XITA. Kenya, infertili 


Developing Developed Expected 
country rate* | country rate* | frequency* 
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Comments 


Population at risk 2,826,447 
Incidence of lower genital tract 1.33% 
gonorrhea infection (women 
aged 15-44 yr) 
Incidence of acute PID in NA 10.8% 
gonorrhea population of 
women aged 15-44 yr 
Incidence of lower genital tract Unknown 
infection other than gonor- 
rhea (ages 15-44 yr) 
PID from other lower genital 40 :60-ratio 
tract infections GC/other 
Total PID 
Recovery without sequelae NA 63.4% 
Incidence of ectopic preg- NA 6x Risk in- 
nancy in PID population crease 
Incidence of tubal occlusion in NA 
PID population 12.8 (1)¥ 
35.5 (2) 
75.0 (3+) 
Proportion of infertility associ- 70% 
ated with tubal pathology 
Incidence of chronic pain in NA 18.1 
PID population 
Incidence of repeat acute epi- NA 19.0 
sodes 


Legend: NA, not applicable; GC, gonococci. 


37,692 
4,060 
6,090 
10,150 Annual incidence of 0.36% 
6,435 . 
1,274 See Table XIIB 
Over 30 year period = 29,520 
1,299 (1) 
685 (2) 
1,984 
Observed indices of infertility . 
No. of childless women aged 44+ yr = 31,147 
No. of uniparous women aged 44+ yr = 33,762 
64,909 
No. associated with tubal pathology 45,436 
1,837 
1,929 


*Source of estimates: Westrém et al., Carty et al., and Mati et al.“ 
t Total adult population rate = 2%, with male: female ratio = 2:1. 


+PID episode. 


i.e., 1: 109, than found by Maley and Auma*! who de- 
rive an ectopic pregnancy/delivery ratio of 1: 132. 
Among the explanations of the discrepancy between 
the observed and expected rates are either underre- 
porting or underascertainment of ectopic pregnancies 
or differences in the model in the setting of the devel- 


oping country. For conditions such as ectopic preg- 


nancy in the urban setting of Nairobi, gross underre- 
porting or underascertainment seems to be an unlikely 
explanation. 

The damage resulting from PID may be seen as a 
continuum: chronic pain, patent but damaged fallo- 
pian tubes giving rise to ectopic pregnancy, complete 
obstruction, and/or chronic lesions. In the absence of 
adequate health service coverage or its underutiliza- 
iion, the progression of the pathologic lesions following 


PID, with fewer cases of ectopic pregnancy but more . 


cases of infertility, may be greater than might be ex- 
pected from the model. Remember, the model is based 
on data from a developed country with full health ser- 
vice coverage and high levels of utilization. 


Tae predictions of tubal occlusion after first and re- 
peat attacks of PID account for only 45% of the esti- 
mate of primary and secondary infertility, if we accept 
the percentage of childless women more than 44 years 
of age as an indirect indicator of primary infertility and 
the numbers of uniparous women in this age group as 
the :ndicator of secondary infertility. However, since 
30% of cases of infertility are associated with conditions 
other than tubal occlusion,” only 35% of cases of tubal 
occlusion are unaccounted for on the basis of the STD 
portion of the model. Presumably these cases are the 
result of tuberculosis, postpartum sepsis, or postabor- 
tion sepsis. This figure is not incompatible with the 
estimate by Grech and co-workers® that 19.7% of PID 
cases occurred post abortion or post partum. Such a 
model requires further testing in developing countries 
in order to distinguish between the different underly- 
ing causes and subsequent consequences of PID, par- 
ticularly since the health strategies to prevent the con- 
sequences are quite different depending on the under- 
lying causes. 
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Fig. 8. Correlation of percent gynecologic admissions owing to acute PID, puerperal sepsis, and 
septic abortion with percent admission for ectopic pregr.ancy. 


Table XIIB. Kenya, ectopic pregnancy 


Derivation of incidence 
of ectopic pregnancy 
in post-PID population 
Fertility rate = 218% No. births/yr = 327,707 
Total female population aged 
15-35 yr = 1,706,247 
No. PID attacks/yr = 10,150 
Total post-PID population 
(aged 15-35 yr) = 203,000 
Total non-PID population = 
1,503,247 


Risk (adjusted)* = 0.75% 


For non-PID population, multiparity cnly 





No. multiparous (80%) = 262,166 


No. ectopic pregnancies = 1,966 


For past-PID population, multiparity only 


21% Reduction in fertility 
No. multiparous births/yr = 


population x a) 7 
0.8 (Population x fertility 0.21 (x) 


= 28,322 
Risk increase = 6X 
Risk = 4.5% 
No. ectopic pregnancies = 1,274 


Note: Total ectopic pregnancies, 1,966 +1,274 = 3,240; ratio of ectopic pregnancy/delivery =1: 109. 
*Derived from overall rate of 1.2% in multiparous women and allocation proportion of 6:1 for PID/non-PID contribution 


to the overall rate. 


As another example, if the model is applied to the 
situation in the Equatoria region of Sudan, can it ac- 
count for a 21.2% prevalence of childlessness among 
women more than 44 years of age?” 

To account for such high levels of primary infertility 
would require at least a 2.1% annual rate of tubal oc- 
clusion before intended childbearing begins, i.e., for 10 


years. If N. gonorrhoeae accounted for one half of the 
PID cases, then the incidence rate of N. gonorrhoeae 
among women would be 200%, a level so far seen only 
in Greenland. Although STD theoretically could ac- 
count for such levels of infertility, it would appear that 
other factors are operating, either in conjunction with 
or independent of the STDs. 
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Modawi*! examined the differential fertility levels of 


several Sudanese tribes and attributed the low fertility . 


in the Equatoria area to a high prevalence of flarial 
infection, affecting both male and female reproductive 
capacities through its effect on genital lymphatic drain- 
age. Furthermore, an examination of infant mortality 
rates in the area shows that this, too, can account for a 
high percentage of childlessness. 

Support for a multiple etiologic model of PID and its 
consequences comes from data supplied by hospitals in 
11 developing and four developed countries (Table IB 
and Fig. 8). Despite the variation in criteria of diagnosis 
and admission and the variation in the catchment area 
of individual hospitals, there is a significant correlation 
between the percentage of admissions for ectopic 
pregnancy and the sum of percentage admissions for 
PID, puerperal sepsis, and septic abortion. No correla- 
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tion can be drawn between these factors individually 
and percent admissions for ectopic pregnancy. 

In summary, this report on epidemiologic aspects of 
PID, its precursors, and its consequences has demon- 
strated that PID is a major public health problem in 
mary areas of the developing world. The underlying 
causes and the type, severity, and incidence of sequelae 
may vary widely between countries. Epidemiologic in- 
vestigations cf PID, its precursors, and its conse- 
quences are essential to the implementation of health 
programs to combat the problem, particularly since the 
health strategies for prevention and control of PID will 
depend on the underlying causes. Derived from data 
from developed countries, the outline of an epidemio- 
logic model has been presented for testing in devel- 
oping countries and as an adjunct to epidemiologic 
research, 
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Gonorrhea and female infertility in rural Uganda 


O. P. ARYA, M.D.* 
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Kampala, Uganda 


We studied sociocultural and medical factors in the Teso District in easten Uganda and the Ankole 
District in western Uganda to discover the cause of the low and high fertility rates in these 
respective districts. The findings related to gonorrhea in women are presented in this article. 
Gonococcal cervicitis and clinical evidence of salpingitis occurred significantly more frequently in 
Teso (18.3% and 19%, respectively) than in Ankole (2.4% and £.9%) women. Significantly more of 
the husbands of the gonococcal-negative infertils women compéred to gonococcal-negative fertile 
women were found to have active gonorrhea, a zast history of urethral discharge, and bilaterally 
thickened epididymides. (AM. J. OBSTET. GYNECOL, 138:929, 1680.) 


HIGH LEVELS OF involuntary infertility are known to 
exist in certain countries of Africa south of the Sakara,} 
but the evidence so far available is fragmentary.? Con- 
cerned over the problem, the World Health Organi- 
zation? recently designed research studies on the preva- 
lence and the importance of various causes of infeztility 
and pregnancy wastage. 

Considerable variation in population growth rates 
has been known to exist for some decades in pasts of 
Uganda. The natural increase in 1969 ranged from 2% 
to 3.6%." 

Recent studies have anme a jeh prevaler.ce of 
gonorrhea in parts of urban and rural Uganda.’ 
Romaniuk,’ in her review of infertility in tropical Af- 
rica, concluded that the data available were not suffi- 
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cient to incriminate a specific venereal disease and that 
further research was needed on an interdisciplinary 
basis to include the social and demographic factors. 
Considerable variation in the geographic distribution 
of human fertility in Uganda provided a unique oppor- 
tumity to study the various factors that may be related 
to differential infertility rates, 


Material and methods 


The Uganda Demcgraphic Research Project and 
sampling procedures have been described elsewhere.’ 


-Two districts, Teso with low fertility, in eastern 


Uganda, and Ankole with high fertility, in western 
Uganda, were selected. The crude birth rates for each 
districtin 1969 were 37 and 55 per 1,000, respectively.’ 
The diseases studied were: malaria, nutrition, gon- 
orrhea, and syphilis. The results for gonorrhea are 
presented briefly in this article. The gonorrhea meth- 
odslogy adopted in this survey has been described 
elsewhere.” Briefly, for women it included genital 


‘examination and endocervical smears and cultures. 


Material for the latter was inoculated onto chocolate 


. agar. Duplicate specimens were collected on charcoal 


swabs anc dispatched to the laboratory in Stuart’s 
transport medium. Husbands of gonococcal-negative 
fertile and infertile women also were examined for the 
presence of gonorrhea and evidence of infection in the 
past to establish their “gonococcus status.” Demo- 
graphic and fertility variables were recorded for each 
patient. The data were analyzed with a computer using 
the Statistical Package for the Social Sciences. Tests of 
significance were performed using the chi-square 
method with Yates’ correction. 
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Table I. Marital status and fertility in women in the Teso and Ankole Districts, Uganda 
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Significance of 
No. in Teso (%) No. in Ankole (%) difference \P) 
Marital status: 
Total 343 250 
Single. 19 (5.5) 21 , (8.4) — 
Currently married 263 (76.7) 188 (75.2) = 
Divorced, separated, or widowed 61 (17.8) 41 (16.4) — 
Married more than once 106 (32.7) 22 (9.6) <0.001 
In a polygamous marriage 159 (49.1) 102 (44.5) = 
Fertility: 
Total never pregnant 64 (19.7) 5 (2.2) <0.001 
Never pregnant | 
Aged 20-29 yr. 12/73 (16.4) 2/72 (2.8) - <0.02 
. Aged > 49 yr ` 18/85 (21.2) 0/37 (—) 
Average no. of children . 2.9 52 





Table II. History, physical examination, and laboratory results in women in the Teso and Ankole Districts, Uganda 


No. in Tesa(%) No. in Ankole (%) difference (F) 

Lower abdominal pain 84/336 (25) 22/246 (8.9) <0.001 
Examined genitally 295 168 

Bartholinitis T 2:3) we 

Purulent vaginal discharge 56 (19) 17 (10) <0.02 

Cervicitis 90) (30.5) 21 (12.5) <0.001 

Salpingitis 56 (19) | 10 (5.9) <0.001 

Tender mass . 23 (7.8) l (0.6) <0.01 

Gonococci in cervical smear or culture 54 (18.3) 4 , (2.4) <0.001 


Results 


Teso vs. Ankole. Three hundred and forty-three 
women in Teso and 250 in Ankole underwent medical 
examination (a response rate of 90% and 80% respec- 
tively). Forty-eight women in Teso and 82 in Ankole 
did not undergo genital examination. Most of these 
women were in menopause. 

Marital status and fertility (Table 1). ee be- 
tween the two districts with respect to various fertility 
indices convincingly reveal the significantly lower fer- 
tility status of the Teso women. 

Clinical and laboratory aspects (Table IF). In the Teso 
District, 84 (25%) of the women, as compared with 22 
(8.9%) in Ankole, complained of lower abdominal pain 
(difference is significant: P < 0.001). Seven women 
in Teso but none in Ankole had signs of bartholinitis. 
Mucopurulent discharge in the vagina was found in 56 
(19%) of the Teso women as compared with 17 (10%) 
of the Ankole women (P < 0.02). We found that 90 
(30.5%) of the women in Teso but only 21 (12.5%) 
women in Ankole had macroscopic cervical changes, 
ie„ an “eroded” and/or infected cervix (P < 0.001). 
Evidence of salpingitis was elicited in 56 (19%) of the 
Teso women as compared with 10 (5.9%) Ankole 
women (P < 0.001). A tender adnexal mass was.felt in 


23 (7.8%) of the Teso simple but in only one (0. 6%) in 
Ankole. Among the women in Teso, 54 (18.3%) had a 
positive cervical smear or culture for gonorrhea but 
only four (2.4%) in Ankole had similar positive tests 
(P < 0.001). Evidence of pelvic inflammatory disease 
was present in 17% of the infected Teso women. None 
of the infected Ankole women, however, had PID. 

Gonorrhea and related findings (including thickened 
epididymides) in men also, were found to be sig- 
nificantly more common in ae Teso distri ict, and have 
been described elsewhere. ! 

Fertile vs. infertile Teso women (Tables III and IV). 
Symptoms and signs possibly related to gonorrhea and 
PID, such as lower abdominal pain, vaginal discharge, 
and lower abdominal tenderness, were more promi- 
nent among those who had never conceived than 
among those who had experienced at least one preg- 
nancy. Cervical secretions showed gonococci in only 
10% of the infertile women as compared with 23% of 
the fertile women. However, as Table IV shows, 24.5% 
of husbands of the gonococcal-negative infertile wo- 
men as compared with 6.7% of husbands of the gono- 
coccal-negative fertile women were found to have ac- 
tive gonorrhea (P < 0.01). In this group 75.5% and 
57.7% of husbands, respectively, had a past history of . 
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Table ILI. History, physical examination, and laboratory results in fertile and infertile women, RRR 20 to 49 years, 
Teso District, Uganda 






Selected parameters 


Lower abdominal pain 22/33 (66.7) 


Vaginal discharge `- 7/33 (21.2) 
Lower abdominal tenderness 10/33 (30.3) 
Gonococci in smear or culture 3/30 (10.0) 


Na. never No. pregnant or with 
pregnant(%) history of pregnancy ( %) 





` Significance of 
difference (P) 


73/173 (45.1) <0.05 
12/173 (6.9) <0.05 
30/173 (17.3) 5 
38/165 (23.0) = 


Table IV. Gonococcal status of husbands of gonococcal-negative fertile and infertile women, Teso District, Uganda 


No. gonococcus-negative women 


Husbands 


Gonococcus positive 
Past history of urethral discharge 
Bilaterally thickened epididymicdes (aged =30 yr) 


Significance of 
9/135 (6.7%) 12/49 (24.5%) <0.01 
78/135 (57.7%) 37/49 (75.5%) <0.05 
6/103 (6.8%) 7/38 (18.4%) <0.05 





urethral discharge (P < 0.05), while 18.4% and 5.8%, 
respectively, had bilaterally thickened epididymides 
(P < 0.05). 


Discussion 


Our data convincingly illustrate the differences in 
fertility rates in the two districts, Teso and Ankole. The 
prevalence of PID in the two districts is stikingly differ- 
ent and correlates completely with the difference in 
fertülity. Thus, our data support other studies’ " that 
demonstrate the association between PID and infertil- 
ity. Our data also suggest that gonococcal infection is 
common and highly correlated with both PID and in- 
fertility. A high gonococcal isolation rate among both 
fertile (23%) and infertile (10%) women confirms the 
high prevalence of gonorrhea in the Teso District. 
Conversely, the low prevalence of gonorrhea (2.4%) in 
Ankole is associated with a significantly lower preva- 
lence of PID and higher fertility rates. In Teso, the less 
frequent demonstration of gonococci among infertile 
women was not surprising because gonococci are hard 
to find in the secretions of women in this late stage.” 
The contribution of gonococcal infection to infertility is 
substantiated further by the presence or past history of 
gonococcal infection among the husbands of both fer- 
tile and infertile women within the Teso District. Grech 
and associates, and Carty and colleagues," in studies 


of hospitalized patients in Uganda and Kenya, respec- 
tively, also demonstrated that the gonococcus was the 
precominant pathogen in acute PID. Unfortunately, 
we were not able to investigate the possible etiologic 
roles of Chlamydia trachomatis, which is now being rec- 
ogn:zed increasingly as an important etiologic agent of 
PID,” or the normal vaginal flora, which is implicated 
as a secondary invader of fallopian tubes.'® 

Westrom" has shown that tubal occlusion and, thus, 
infertility increase with increasing episodes of PID. In 
the Teso District of Uganda (and possibly elsewhere in 
developing countries), a constant high prevalence of 
gonorrhea coupled with virtually no treatment”? pro- 


vide ample opportunity for repeated infection, re- 


peated episodes of PID, and subsequent infertility. 
Cur findings support the conclusion that gonorrhea 


is an important determinant of PID and subsequent 


low fertility in the Teso District of Uganda. 
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ter Lidwina of the Mulago Hospital, Kampala, for 
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MICROBIOLOGY 


An overview of infectious agents of salpingitis, their 


biology, and recent advances in methods of detection 


PER-ANDERS MARDH, M.D. 
Lund, Sweden ` 


NOT UNTIL THE mid-nineteenth century was salpin- 
gitis recognized as a separate disease entity. At frst, 
tubal infections were considered as part of a gen- 
eralized inflammatory process involving all pelvic or- 
gans. In 1862, Wirchow proposed the concept 
“perimetritis” and discussed a number of possible 
causes of this condition. In the 1860s and 1870s, evi- 
dence was presented suggesting that Neisseria genor- 
rhoeae might be an etiologic agent of salpingitis. In 
1886, the Swedish gynecologist Westermark was the 
first to isolate gonococci from the fallopian tubes of a 
patient with signs of salpingitis. Later, cases of tubal 
infections were often subdivided into tuberculous and 
nontuberculous salpingitis, and the latter condition 
into gonococcal and nongonococcal salpingitis. 

Although a number of assumed etiologic agents of 
acute salpingitis (pelvic inflammatory disease) have 
been considered during the twentieth century, it was 
not until the 1970s that more extensive research into 
the etiology of this infectious disease was performed. 
During recent years the development of new labora- 
tory diagnostic methods and the detection and tax- 
onomic differentiation of new organisms, such as 
strictly anaerobic bacteria, chlamydiae, and myco- 
plasmas, have contributed to our understanding of the 
etiology of acute salpingitis (AS). The concepts AS and 
PID will be used synonymously in this article. 
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Noniuberculous salpingitis 


Epidemiologic aspects. AS is a common condi- 
tion’ 1° which is on the increase in many countries as 
exemplified by studies from Lund, Sweden.’ In the 
United States, a slow increase has been reported in the 
cases of PID requiring hospitalization during the 
1970s. This increase in the incidence of PID seems to 
be asseciated with the pandemic situation of gonorrhea 
and other sexually transmitted diseases (STDs) that has 
prevailed during the last two decades. Most cases of AS 
are caused by an infection ascending from the cervix. 
In a large percentage of all women who develop sal- 
pingitis, the cervix is colonized by organisms known to 
be spread by sexual intercourse. Apart from being 
caused by ascending spread of STD agents, tubal in- 
fection can occur as an “iatrogenic” complication, e.g., 
after legal abortion, curettage, various diagnostic pro- 
cedures, and insertion of an intrauterine device. The 
extension of practice of such measures might have con- 
tributed to the increasing incidence of AS. In this 
“nonvenereal” type of salpingitis, the infection of the 
fallopian tubes generally seems to stem from an endog- 
enous infection, viz., caused by bacteria of the indige- 
nous flora of the lower genital tract. 

It seems reasonable to assume that the epidemiology 
and etiology of PID can differ from one area to an- 
other. In geographic regions with a high prevalence of 
tuberculosis and in parts of the world where tropical 
diseases are endemic, the etiologic pattern probably 
differs from that in areas where such diseases are seen 
infrequently cr not at all. An important factor for the 
outcome of etiologic studies on PID seems to be the 
criteria applied in the diagnosis of the disease and in 
the selection of the clinical material studied. For 


933 


934 Mårdh 


example, in patients with severe AS, the spectrum of 
microorganisms that can be isolated differs from that 
in milder cases. Delays by both patients and doctors 
might influence the result of etiologic studies, because 
the organisms that can be isolated from the internal 
female genital organs might change during the course 
of the disease. Indirectly correlated to the selective 
process is the awareness of the risk of sequelae, such as 
infertility, among women in the population studied. 
This may be related to the social structure of the com- 
munity, or subcommunity, to which the patient be- 
longs, as well as to the health care setup available in that 
community. The ratio of primary/repeated tubal 
infections in the clinical material studied also will in- 
fluence the results of etiologic studies on salpingitis. 
The sampling technique, the method of transportation, 
and laboratory diagnostic methods used also might 
have such an influence. 

It is my belief that the aforementioned factors, to a 
large extent, explain the differences in prevailing opin- 
ions regarding etiologic agents of acute AS and the 
relative importance of different etiologic agents of this 
condition. 

Various workers considered the following microbes 
to be the major etiologic agents in nontuberculous PID: 
Neisseria gonorrhoeae, anaerobic bacteria (often in 
mixed infections with facultative anaerobes), Myco- 
plasma hominis, and Chlamydia trachomatis. These agents 
will be considered in detail in this article. A number of 
less common etiologic agents in PID will be mentioned 
also. 

Neisseria gonorrhoeae. 

Culture studies. N. gonorrhoeae is an important etiologic 
agent of AS.” As mentioned, cases of nontuberculous 
salpingitis often have been divided into two groups, 
viz, “gonococcal” and “nongonococcal” salpingitis, 
generally on the basis of the result of cultures for 
gonococci of cervical (urethral and rectal) specimens. 
The reported ratio of “gonococcal” vs. “nongonococ- 
cal” cases among AS patients has varied, not only in 
studies from different areas but also with time in one 
and the same hospital. Thus, approximately 50% of all 
salpingitis patients treated in Lund in 1960 had cervical 
gonorrhea, whereas during the years 1973-74 only ap- 
proximately 10% of the salpingitis patients had such an 
infection. During the last two decades, despite a de- 
crease in the number of salpingitis patients with 
gonorrhea, the total number of patients with salpingitis 
treated in Lund has increased steadily. In recent stud- 
ies from the United States, the following percentages of 
cervical carriers of N. gonorrhoeae among salpingitis pa- 
tients have been reported: 44%,”' 50%,""§ 54%," 65%," 


and 65%.” Similar percentages in studies on salpingitis 
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patients in Europe have been lower: 5%,'°° 22%, 
26%," 27%,'" and 32%. 

It has been a common finding in salpingitis patients 
with cervical gonorrhea that gonococci are recovered 
less often from the cul-de-sac and/or the fallopian 
tubes than from the cervix. For example, Eschenbach 
and associates”! isolated gonococci from specimens col- 
lected by culdocentesis in seven of 21 women with PID 
and cervical gonorrhea. In the study by Chow and co- 
workers'! the figure was one of 13; in that of Cunning- 
ham and colleagues" it was 30 of 56; and Chow and his 
group’ reported a figure of three in 20 in another 
study. Gonococci have been recovered less often from 
tubal specimens of such patients than from cul-de-sac 
specimens. Mårdh and associates™ reported 19 positive 
tubal cultures in 146 salpingitis patients with cervical 
gonorrhea. Sweet and co-authors,'!® who compared 
cultures from the cul-de-sac and the tubes of 13 sal- 
pinzitis patients with positive cervical cultures for N. 
gonorrhoeae, found gonococci in the cul-de-sac of eight 
but in the fallopian tubes of only five of them. 

I- has been argued that although gonococci cannot 
be recovered from the tubes or the cul-de-sac, N. gonor- 
rhoeae is still the causative agent in many AS cases.“ A 
nurnber of reasons for gonococci not being recovered 
from the fallopian tubes or the peritoneal cavity in 
these cases have been put forward. Gonococci have 
been indicated to be short-lived in the tubes and in the 
cul-de-sac. A higher rate of recovery of gonocacci ear- 
lier vs. later in the course of the disease has been dem- 
onstrated in cul-de-sac cultures.“ The gonococci may 
have succumbed, and by the time the patient is exam- 
ined and sampling is performed, only a superinfection 
with other organisms—often anaerobes and sometimes 
facultative anaerobes—may be demonstrated. It also 
has been supposed that gonococci can penetrate the 
tubal mucosa and there remain undetected in attempts 
to recover them by endotubal swabbing. In the prean- 
tibintic era when Curtis! undertook etiologic studies 
on salpingitis, it was customary to wait at least 2 weeks 
until the body temperature and the leukocyte blood 
count had normalized before operative procedures, 
inc:uding extirpation of the tubes, were undertaken. 
Therefore, the situation was quite different from that 
of present-day therapy for AS. In such subacute or 
chronic cases, Curtis was able to recover gonacocci in 
homogenized tubal tissue in 19 of 64 patients with 
grcss lesions indicating tubal inflammation, but in none 
of 38 patients in whom histologic examination alone 
could demonstrate active inflammation. There were no 
data on attempts to recover gonococci from swab spec- 
imens collected from the tubes, the cul-de-sac, or cervi- 
cal specimens. Curtis was unable to demonstrate other 
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organisms in the tubes from which he recovered 
gonococci. It may be noted that among those species of 
bacteria he was able to recover from the tubes of other 
patients in his series, no bacteria generally known as 
typical contaminants were detected (see also discussion 
of “Anaerobic infections”). 

Tissue homogenates are known to contain several 
bactericidal substances, such as lysolecithin, which in 
studies in vitro has been shown to possess a potent an- 
tumicrobial activity.” Therefore it might be questioned 
a priori whether tissue homogenates are particularly 
suited for the isolation of fastidious organisms suca as 
gonococci. However, Studdiford and colleagues’ were 
able to isolate gonococci from tubal tissue in 67% of 24 
patients from whom purulent exudate did not yield 
gONOcocci. 

Attempts to demonstrate gonococci in crushed fim- 
brial tissue specimens and tubal pus by immuno- 
fluorescence tests were not more successful than cul- 
ture studies on tubal pus specimens in 30 patients with 
AS. 

In untreated cases of gonococcal salpingitis, one may 
assume that, with the passage of time, there will be 
fewer gonococci present in the tubes, a condition anal- 
ogous to gonococcal infections in the lower genital 
tract. Tubes damaged by gonocococcal infection will 
constitute an organ vulnerable to endogenous infec- 
tions—by anaerobic bacteria, for instance. The exis- 
tence of such a “compromised” organ also might ex- 
plain why organisms traditionally considered as being 
- Of low virulence and often appearing as contaminants 
can be recovered from the tubes or cul-de-sac speci- 
mens of these patients. The same temporal change in 
the pattern of organisms that can be isolated from the 
tubes or the cul-de-sac might occur also in cases in 
which the primary tubal infection was caused by other 
STD agents, e.g., Chlamydia trachomatis. 

Several explanations have been offered for the “dis- 
appearance” of gonococci from the fallopian tubes, 
e.g., with time fewer gonococci are present in the tubes 
and thus may be impossible to detect by the currently 
used culture techniques. Immunologic and other un- 
specific host defense mechanisms may have killed the 
gonococci or they may have been killed by bacterial 
interaction with secondary invaders. Such interaction 
has been demonstrated in in vitro experiments.’ It 
also is known that gonococci may die during transpor- 
tation to the laboratory, as was discussed recently by 
Chow and his associates.’? However, no valid explana- 
tion seems to have been offered as to why gonococci in 
patients with “gonococcal” salpingitis survive in the 
cervix but succumb more quickly in the tubes. 

Little attention seems to have been paid to the possi- 
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bility that tubal infection in salpingitis patients with 
cervical gonorrhea could be caused by other STD 
agents. Mårdh and co-workers” demonstrated, how- 
ever, that chlamydiae may be found in pure culture 
from the tubes of salpingitis patients with cervical 
goncrrhea. 

Eschenbach and Holmes” found no evidence to 
confirm gonococc: as the cause of tubal infection in 
gonccoccal cervical culture—negative cases. 

In culture studies in gonococcal salpingitis, one 
ought to be able to isolate either gonococci from the 
tubes in pure culture or in admixture with other or- 
ganisms, or alternatively other detectable organisms 
excluding gonococci, all of which is dependent on the 
time of sampling after the initial gonococcal invasion of 
the tubes. For ethical reasons, there, of course, have 
been no consecutive culture studies of specimens col- 
lected from the tubes of salpingitis patients not given 
antibiotics that might have proved this hypothesis. 
However, anaerobes are found more commonly in 
cul-de-sac scecimens of women who have had repeated 
episodes of salpingitis than in those having their first 
attack of this disease. This observation would seem to 
support the hypothesis that anaerobes more easily in- 
vade a previously damaged tube than a healthy one. 

As already discussed, differences in the patients stud- 
ied probably explain much of the divergence of opin- 
ion on the relative importance of N. gonorrhoeae as an 
etiologic agent in “acute” salpingitis. 

Serologic studies. Mårdh and associates? compared 
four serologic techniques for the detection of an- 
tibodies to M. gonorrhoeae in patients with complicated 
gonococcal infections. Radioimmunoassay (RIA)* and 
indizect hemagglutination assay (IHA)®! for gonococcal 
pili antibodies were found to afford the greatest diag- 
nostic help. However, in some salpingitis patients with 
cervical gonorrhea and positive cultures of gonococci, 
also from the fallopian tubes, these tests did not detect 
gonococcal antibodies. The gonococcal complement 
fixation test, although highly sensitive, had too low a 
specificity ta be of use in studies of salpingitis patients.” 

Eschenbach and his group” tested serum specimens 
of 63 salpingitis patients for the presence of RIA 
gonococcal pili antibodies and found such antibody ac- 
tivity in 84% of the 38 patients who had cervical 
gonorrhea and in 36% of the 25 cervical culture- 
negative patients. Of those in the former group, 67% 
showed a significant change in their antibody activity, 
while this was true of only 11% in the latter group of 
patiznts. Recently, Mårdh and associates? studied 
paired serum specimens of 60 consecutive salpingitis 
patients in whom the diagnosis was confirmed by 
laparoscopy. IHA gonococcal pili antibodies,” at a titer 
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of =40, were found in 11 of the patients, three of 
whom had a significant change in the antibody titer. 
Cervical gonorrhea was diagnosed in only four of 
the 60 patients, all of whom had IHA antbcdies. 
Gonorrhea had been diagnosed earlier in two of the 60 
patients. 

Pathophysiologic aspects. Gonococcl seem to spread to 
the tubes preferably canalicularly via the uterus. This 
also seems to be the case for most other organisms caus- 
ing primary tubal infection,” e.g., chlamydiae (see fol- 
lowing discussion). Experimental studies® 13! suggést. 
that gonococct, after having reached the tubes, attach 
to secretory cells of the tubal mucosal epithelium. 
Thereafter, the organisms invade the tubal mucosa. 
Gonococcal endotoxin might contribute to the tissue 
damage. Such endotoxin, like endotoxins of other 
gram-negative organisms, e.g., Escherichia coli, can in- 
terfere also with the tubal mucociliary wave activity, 
which may slow down or cease.” This might impair 
resistance to tissue Invasion. 

In cases of disseminated gonococcal infection, some 
auxotypes seem to be more prevalent than others. 
Whether a similar situation applies in salpingitis or 
whether gonococcal strains invading the tubes might 
have other characteristics in common, thereby differ- 
entiating them from strains not associated with gon- 
ococcal salpingitis, are not known. 

At different times, it has been estimated that 2%, 
10%, 15%, and 20% of all female gonorrhea patients 
develop symptoms of salpingitis.” However, the per- 
centage of these patients in whom the tubal infection 
de facto is caused by gonococci is not known. Factors 
promoting the spread of gonococci from the cervix to 
the tubes are poorly understood. Recently, it has been 
suggested that the ability of gonococci to attach to epi- 
thelial cells of the genital tract might undergo change 
during the menstrual cycle,” which would explain why 
abdominal pain indicating tubal infection begins most 
frequently (in approximately two thirds of all: cases) 
within a week of menstruation.” Other explanations 
for onset following menstruation have been offered, 
such as reflux of menstrual blood carrying gonococci to 
the tubes and the loss of the cervical mucus plug. The 
onset of abdominal pain in nongonococcal PID has 
proved to be distributed more evenly throughout the 
menstrual cycle.” : 

Anaerobic infections. | 

Culture studies. Strictly anaerobic bacteria frequently 
have been associated with acute PID, particularly in 
reports from the United States. 14 3L 77. US 18 Various 
species of anaerobic bacteria have been isolated from 
specimens collected by culdocentesis or at laparotomy 
from the cul-de-sac, the tubes, or pelvic abscesses. The 
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spectrum of species recovered from such specimens 
has included those found to be most common in 
anasrobic infections elsewhere in the body, e.g., species 
of Bacteroides, Clostridium, Peptococcus, and Pedtostrep- 
tococcus. ; 

Several reports have stressed the significance of 
anaerobic bacterta in PID, particularly in cases of clini- 
cally severe infection.. Thus, Pearson and Anderson® 
isolated bacteria of genus Bacteroides from adnexal 
abscesses, and Thadepalli and associates’ recovered 
anaerobes in all of 16 cases of pelvic or ovarian ab- 
scess. Most commonly isolated were species of the 
genera Bacteroides, Clostridium, and Peptostreprococcus. 
Polymicrobial growth and a concomitant infection with 
facultatively anaerobic bacteria were frequent findings. 
The patients studied were severely ill and had failed to 
respond to previous antibiotic therapy and surgical 
drainage. The spectrum of anaerobic species isolated 
led the authors to believe that the genital tract was the 
origin of the infections, because B. oralis and B. 
melaninogenicus, species known to occur in low numbers 
in che flora of the colon, were commonly isolated. 
These species occur in the flora of the lower female 
gerital tract. 

In a study of PID by Eschenbach and colleagues,” 
Bacteroides fragilis was the anaerobic species found most 
frequently. Thev pointed out that this organism is not 
common in the vaginal flora and they took this as an 
indication of noncontamination of their culdocentesis 
samples by the vaginal flora. Others,” however, found 
B. fragilis, subspecies fragilis, to occur commonly in the 
cervical flora of healthy women. 

Lefore the introduction of modern anaerobic culture 
tecaniques, cultures of specimens from chronic tubo- 
ovarian abscesses often were reported sterile or yielded 
grcwth of anaerobic streptococci.’ This author’ dem- 
onstrated such streptococci in 22 of 23 cases of chronic 
tuko-ovarian abscess. The average age of the patients 
stuclied was 36 (range, 24 to 52) years and they aad had 
low abdominal pain for 6 to 13 (mean, 25) months 
prior to'sampling. Also, in later studies of PID cases,“ 
anzerobic gram-positive cocci, viz., peptostreptococci 
and peptococci, were the most frequent isolates among 
anzerobes, Bacteroides species being equal, or nearly 
equal; in frequency of occurrence.”! | 

Among anaerobes isolated from specimens collected 
by culdocentesis from cul-de-sac and pelvic abscesses, 
species often have been demonstrated that generally 
are considered as typical contaminants from rormally 
colonized mucosal surfaces. This also would account 
for some facultatively anaerobic species demonstrated 
in such specimens, e.g., Staphylococcus epidermidis, diph- 
theroid rods, and Sarcina species. A priori, one might 
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therefore suspect that among the bacteria that actually 
have colonized these sites, the reported isolates also 
represent. “pickups.” In some studies, noninfected 
women have served as controls to evaluate the reliabil- 
ity of culdocentesis as a sampling method in PID. By 
performing culdocentesis in such women, it recently 
has been -estimated that approximately every third 
“cul-de-sac” isolate from PID patients represents a con- 
taminant from the vaginal flora.’ In patients witk. in- 
fection in the lower genital tract, as is found almost 
invariably in salpingitis patients, the risk of such a con- 
tamination might be even greater. Sweet and co- 
authors'!® compared cultures of specimens from PID 
patients collected by culdocentesis from the cul-de-sac 
with specimens obtained by direct aspiration from this 
site during laparotomy or laparoscopy. They found 
fewer species of organisms in the latter specimens. 
They also demonstrated a discrepancy in the number 
of species that could be isolated by direct aspiration 
from tubes and cul-de-sac in the same patients. As 
more species were found in the cul-de-sac specimens, 
they wondered if a penetration of organisms from the 
intestinal flora into the peritoneal cavity might have 
taken place. Consequently they discussed whether pel- 
vic peritonitis might provoke an inflammatory reaction 
in the bowel wall or alter the bowel wall resistance 
mechanism, thereby allowing migration of organisms 
from the bowel to the peritoneal cavity. Another risk of 
contaminating specimens during culdocentesis is the 
perforation of the bowel wall by the syririge introcuced 
into the cul-de-sac. 


A discrepancy similar to that found in results of cul-. 


ture specimens obtained by culdocentesis and by direct 
aspiration from the cul-de-sac has been observed when 
comparing transcervical and transabdominal endome- 
trial aspirates from women with postpartum pelvic 
infection.“ This study is of interest in relation to sal- 
pingitis, because the causative agent(s) in salpingitis 
generally is thought to spread via the endometrium to 
the tubes. Falk,*4 who performed cornual resection in 
more than 1,000 salpingitis cases, was unable to dem- 
onstrate reinfection of the tubes in any of them curing 
a follow-up period of more than 8 years. This strongly 
supports the concept of a canalicular spread of infec- 
tion in the majority of salpingitis cases. 

The aforementioned risks of contamination cannot, 
however, conceal the fact that anaerobic infections are 
of importance in PID. Those women with PID in Lund, 
from whom anaerobic bacteria were isolated from cul- 
de-sac specimens or pelvic abscesses, were generally 
more seriously ill than the average salpingitis patient 
and also presented with pelvic abscesses more often. 
This suggests that the discrepancy among studies on 
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the etiology of AS in this town® and that among recent 
studies in the United States!) 2! 7% 16 19 with regard 
to the findings of anaerobic infection may well be ex- 
plained by a difference in the selection of the patients 
studied. As already mentioned, laparoscopy is per- 
formed routinely in Lund in cases of assumed salpin- 
gitis, many of which present comparatively mild 
symptoms. 

Therefore, more patients probably had mild PID 
compared to patients seen in gynecology departments 
not derforming visual inspection of the tubes. Thus, if 
anaerobes are commonly recovered from the cul-de-sac 
of patients with PID in a given geographic area, this 
migat imply that only the “tip of the iceberg” of the 
salpingitis problem as a whole is being considered. 

Serologic studies. Söderberg and his group'™ and 
Lindberg and associates,** in Sweden, used an enzyme- 
linked immunosorbent assay techriique to detect an- 
tibodies to polysaccharide antigens of the B. fragilis 
group of bacteria. They concluded that these bacteria 
plav a role in AS only infrequently. These results stand 
in contrast to those of Kasper and co-workers,’ in the 
United States, who used an RIA technique to deter- 
mine antibodies to capsular polysaccharide antigens of 
B. fragilis (subspecies fragilis) in women with acute PID. 
The serolozic test results were compared with those of 
culzures of specimens collected by culdocentesis: 
Changes in antibody concentration in paired serum 
specimens from patients with gonococcal and non- 
gonococcal PID in whom this bacterium had been iso- 
lated from: the cul-de-sac were significantly greater 
than those in culture-negative patients. An increase in 
the antibody concentration occurred in five of nine 
culture-positive patients, while only two of the 24 
culture-negative patients had such an increase. The 
study by Kasper and associates suggests a role of B. 
fragilis in FID patients from whom the organism can be 
isclated from the cul-de-sac. Their finding also seems 
to suggest that even thou gh B. fragilis occurs most often 
as a secondary invader in the tubes (discussion to fol- 
low), the organism can nevertheless play a role in the 
early course of the disease in some PID cases. 

Pathophysiologic aspects. It is common knowledge that 
araerobic infections are found most commonly in 
“compromised” hosts and are generally of endogenous 
origin. In salpingitis, it is believed that anaerobic bac- 
teria often gain entrance to the tubes as secondary in- 
vaders from the lower genital tract in patients whose 
tubes’ have been damaged by infection with STD 
agents. In such secondary infections, both anaerobic 
and facuitatively anaerobic bacteria can be demon- 
strated. 

Anaercbic infections of the tubes seem to occur more 


938 Mårdh 


frequently in women who have had repeated episodes 
of salpingitis. This might support the concept that en- 
dogenous infections by anaerobes may occur in the fal- 
lopian tubes, representing a locus minoris resistenti. 
Endogenous tubal infections may occur in hosts whose 
genital organs have been “compromised” by gyneco- 
logic surgery, curettage, legal or illegal abortion, or var- 
ious diagnostic. procedures. In the hospital catchment 
region of Lund, such “iatrogenic” cases constitute ap- 
proximately 15% of all salpingitis patients.'** However, 
even in these patients, STD agents can be involved etio- 
logically unless precautions are taken to diagnose and 
eradicate such agents prior to or concomitant with the 
procedures undertaken. Prophylactic treatment with 
nitroimidazoles, which are active against anaerobes, 
reduces the frequency of postoperative genital in- 
fections.''* Whether such treatment also can reduce the 
frequency of anaerobic infections of the fallopian tubes 
following iatrogenic measures other than gynecologic 
surgery remains to be determined. | 
Mycoplasma hominis and Ureaplasma urealyticum. 
Culture and serologic studies. Since the late 1930s, it has 
been known that mycoplasmas can colonize the lower 
female genital tract. For ureaplasmas, this has been 
known since the mid-1950s. The species isolated have 
been Mycoplasma hominis, Ureaplasma urealyticun, and 


(rarely) Mycoplasma fermentans. Since early after their | 


initial discovery in the female genital tract, a number of 
reports have appeared on the isolation of large colony— 
forming mycoplasmas from the cul-de-sac or the inter- 
nal female genital organs in cases of PID. These isolates 
presumably represented M. hominis, although M. fer- 
mentans was isolated from one such patient. An anti- 
body response to M. hominis in patients with AS was 
demonstrated also. The isolation frequency and the 
prevalence of antibodies to M. hominis in PID patients 
have been among the highest demonstrated clinically in 
various groups of women. $e ® Hi 

In a study of 50 women with salpingitis,” "8 M. 
hominis was recovered from the tubes in pure cultures 
in four cases, corresponding to 13% of those harboring 
the organism in the cervix. No such mycoplasmas were 
isolated from the tubes or cul-de-sac in 34 women with 
assumed salpingitis, but in whom laparoscopy revealed 
normal tubes. In seven of 29 women with AS from 
whom paired sera were obtained, a significant change 
was found in the titer of antibodies, as studied by 
JHA.* In three of these seven women, M, hominis was 
recovered from the tubes. In a study of the serum con- 
centrations of IgA, IgG, and IgM in 53 women with 
AS, 18 had markedly elevated levels of IgM, viz., 300% 
to 500% of that of a standard serum pool. The IgA and 
IgG levels were normal, however. IHA antibodies to M. 


_ December 1, 1980 
Am. J. Obstet. Gynecol. 


homanis occurred in all but one of these 18 specimens. 
M. hominis was recovered from lower genital tract of 14 
anc. from the tubes of two of the 15 patients in whom 
tubal specimens were studied for this organism. Five of 
six patients in whom a significant increase in serum 
ant:body titer could be demonstrated had elevated 
serum levels of IgM.*! 

U. urealyticum also has been recovered from the cul- 
de-sac or the fallopian tubes of patients with acute PID. 
In two of 50 such cases, Mardh and Westrém® recov- 
ered this agent directly from the fallopian tubes. In one 
of these two patients paired sera revealed a significant 
increase in the titer of metabolism-inhibition an- 
tibodies.* Solomon and associates’ and Braun and 
Besdine® isolated ureaplasmas from peritoneal fluid 
and a tubo-ovarian abscess respectively. 

During recent years, M. hominis and U. urealyticum 
have been isolated from specimens collected by cul- 
docentesis in patients with PID, that is, in all those stud- 
ies cf PID in which culture techniques suitable for these 
organisms were employed. Thus Eschenbach and col- 
leagues”! recovered M. hominis in two and U. ureclyticum 
in one of 54 such specimens, while the corresponding 
figures in a stucy by Sweet and co-workers''* of 26 
women with PID were one and four, respectively. In 
thes= latter five patients, only one strain of U. urealyti- 
cum could be demonstrated in tubal specimens. 

Eschenbach and his group?! isolated M. hominis from 
the cervices of ‘145 of 204 PID patients. A significant 
increase in the titer of mycoplasmacidal antibodies oc- 
curred in 17 (22%) of 84 of these patients. U. 
ureatyticum was found in cervical specimens of 164 of 
the same 204 women. In 15 (18%) of the patients also 
stud_ed for M. hominis antibodies, a significant change 
in tke titer of ureaplasmacidal antibodies was demon- 
strated. No difference between patients from whom N. 
gonorrhoeae was and was not isolated from the cervix 
was found with regard to the culture and serologic 
stud:es on M. hominis and U. urealyticum. 

In a recent study of 60 patients with AS, 40% had 
IHA antibodies to M. hominis at a titer of =40. A sig- 
nificant increase in the titer of such antibodies occurred 
in 17% of the patients. Of 50 age-matched controls, 8% 
had such antibodies.* This suggests that in a significant 
numer of cases acute PID is associated with a current 
infection with M. hominis. Current double infections 
with M. hominis and C. trachomatis, as indicated >y the 
occurrence of a significant increase in the titers of an- 
tibodies to both these organisms, were demonstrated in 
7% of the 60 patients studied. 

Meller and associates,” in a study of salpingitis in 
Denmark, isolated M. hominis from the cervices of 47% 
of 110 patients with this disease. A significant increase 
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in the titer of IHA antibodies was demonstrated in 29 
of the 52 culture-positive women, while this was true in 
only four of the 58 culture-negative cases. 

A discrepancy between the results of serologic stud- 
ies on the one hand and culture studies on cul-de-sac 
and fallopian tube specimens of PID patients on the 
other might be explained by the fact that, in the main, 
M. hominis causes parametritis (see following discus- 
sion). Hence the two types of specimens mentioned 
probably are not particularly suitable for the establish- 
ment of an etiologic role for these organisms in PID. 

Pathogenicity factors in genital mycoplasmas and 
ureaplasmas continue to be poorly understood. In tis- 
sue organ cultures of human fallopian tube epithelium 
infected with M. hominis, a cytopathogenic effect (CPE) 
on the tubal cilia has been observed.® In such organ 
cultures, M. hominis caused a rapid and marked slowing 
down of the mucociliary wave activity. A similar CPE, 
which has been attributed to ammonia production,’” 
was observed in bovine oviduct cultures challenged 
with human ureaplasmas.''® Ammonia is also produced 
by M. hominis. 

Experimental infections in monkeys. Møller and col- 
leagues” were able to provoke salpingitis in grivet 
monkeys by inoculation of M. hominis into the fallopian 
tubes. Signs of inflammation occurred within 3 days. 
The tubes became swollen after 1 week, when they 
were also hyperemic throughout their entire length. 
The parametria were then moderately edematous. 
After 12 days, the parametria showed marked swelling. 
After 4 to 5 weeks, the internal genital organs were 
virtually normal. Biopsies of the tubes showed that the 
mucosa was slightly congested and there was a lym- 
phoid infiltration. An intensive infiltration of the sub- 
serosa by lymphoid cells together with an increased 
number of polymorphonuclear leukocytes, often ex- 
tending into the peripheral layers of the muscularis, 
were found. There were edema and hyperemia in the 
parametria as well as lymphocyte infiltration. Fat ne- 
crosis and granulation tissue appeared in the parame- 
tria after 10 to 12 days. Møller and Mardh”™ also 
showed that parametritis, but not salpingitis, did occur 
after ligation of tubes in animals infected with M. 
hominis in the uterine cavity. 

In similar animal studies, U. urealyticum did net pro- 
duce salpingitis.” 

Chlamydia trachomatis. 

Culture and serologic studies. In 1977, Mardh and as- 
sociates** reported the isolation of C. trachomatis from 
the cervices of 19 of 53 consecutive patients with AS. 
The organism also could be recovered in pure culture 
from the tubes in seven of the 20 patients from whom 
tubal specimens were obtained. Six of these seven 
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cervical culture —positive patients also harbored C. 
trachomatis in the tubes. In two previously published 
studies, C. trachomatis was recovered in individual PID 
patients from the tubes or from cul-de-sac speci- 
mens. '* *! Eschenbach and co-authors’! found micro- 
immunofltcrescent (micro-IF) antibodies to C. 
trachomatis in seven of 91 women with PID, including 
19 cf 20 women from whom the organism was recov- 
ered in the cervix. | 

In a seres of 143 salpingitis patients, in whom the 
diagnosis was confirmed by laparoscopy, 62% had IgG 
micro-IF antibodies to C. trachomatis at a titer of =64.'”° 
Of the 143 patients, 23% had IgM antibodies (titer 28). 
There wat a correlation between the severity of the 
tubal inflammation, as revealed by visual inspection of 
the tubes -hrough the laparoscope, and the geometric 
mean titer (GMT) of such antibodies. Thus the GMTs 
of IgG antibodies in the salpingitis patients who had 
mild, mocerate, and severe inflammation of the tubes 
were 15, 24, and 58, respectively. In 19 women lacking 
signs of salpingitis, the corresponding GMT was 2. 
Studies on fluid collected from the cul-de-sac of 27 
women w th salpingitis revealed a high GMT of IgA 
and IgG <entibodies to C. trachomatis, viz., 61 and 285. 
These latier serologic test results also were correlated 
to the sev2rity of the tubal infection. Thus, in patients 
with severe tubal inflammation the GMTs for IgA and 
IgG antibodies were 90 and 1,721, respectively. Com- 
parison o: the antibody levels in cul-de-sac and serum 
specimens of the same patients suggests a local anti- 
body production; titers of both IgA and IgG antibodies 
were higker in the former than in the latter specimens. 

In a recent study of paired sera of 60 consecutive 
salpingitiz patients,” IgG antibodies to C. trachomatis at 
a tter 2£2 occurred in 80%. A significant titer change 
of such antibodies was demonstrated in 38%. IgM an- 
tibodies occurred in 20% of the patients. This study 
indicates that acute infection with C. trachomatis is 
common in salpingitis patients in Lund. 

Simmens and his associates,” in London, found that 
59% of 17 patients with severe assumed AS had serum 
IgG anukodies toC. trachomatis, while IgM antibodies to 
th:s organism occurred in 30%. In patients with less 
pronounced clinical signs of PID, the corresponding 
figures were 40% and 30%, respectively. 

Paavonen and co-workers, in Helsinki, Finland, 
studied 196 salpingitis patients. Of these, 26% har- 
bored C. trachomatis in the cervix. Paired sera were ob- 
tained from 72 patients. Of the chlamydia culture- 
positive datients, 36% had an antibody response to C. 
trachomags, while the corresponding percentage in the 
culture-negative cases was 18%. The GMT of IgG an- 
tibodies zo C. trachomatis was 219 in the former and 73 
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in the latter group of patients. Of the chlamydial 
culture-positive patients, 30% had gonorrhea, as com- 
pared with 24% of the EE patients. 
Recently, Paavonen,’ in an extension of the afore- 
mentioned study, stated on the basis of clinical, culture, 
and serologic investigations that C. trachomatis is a 
common etiologic agent of acute PID in Helsinki. In 


the 228 salpingitis patients studied, mean age was 27.8 


(range, 15 to 45) years. The mean duration of symp- 
toms before examination was 6 days. Of the 228 wom- 
en, 62% had been diagnosed as having less severe AS, 
whereas 38% had pelvic peritonitis and/or tubo- 
ovarian or pelvic abscesses. Of the women, 30% had 
positive cultures for C. trachomatis from the lower geni- 
tal tract. Double infections with this agent and N. gonor- 
rhoeae occurred in approximately one fourth of the 
patients. IgG antibodies (titer =64) to C. trachomatis 
occurred in 68%, while 24% had titers of =512; the 
GMT was 73. In the C. trachomatis culture—positive 
cases a significant titer change occurred in 32%; the 
GMT was 264. The corresponding figures i in the cul- 
ture-negative cases were 13% and 43. A correlation be- 
tween severity of PID and the antibody titer also could 
be demonstrated. Thus, the GMT was 192 in the pa- 
tients with peritonitis and/or pelvic abscess, while it was 
only 39 in those with ee or moderately severe sal- 
pingitis. 

Patients’ historical signs and symptoms in “chlamyd- 
ial’ and “gonococcal” salpingitis differ. in several. re- 
spects.''* Thus patients with evidence of chlamydial AS 
generally have a longer history (>3 days) of low ab- 
dominal pain and have febrile illness more often (rectal 
temperature >38° C) when examined. They have 
fewer symptoms but a higher erythrocyte sedimenta- 
tion rate when first examined, as compared to patients 
with “gonococcal” AS. In the group of patients with 
“gonococcal” AS, the onset of low abdominal pain was 
associated more often with menstrual bleeding than in 
those with chlamydial AS. 

Experimental animal models. Experimental] infections in 
grivet monkeys have produced further evidence of the 
ability of C. trachomatis to provoke salpingitis. In grivet 
monkeys, inoculation with a strain of C. trachomatis, 
immunotype K (isolated from the fallopian tubes of a 
woman suffering from salpingitis), into the tubal 
lumina, into the uterine cavity after curettage, or into 
the cervical mucosa resulted in salpingitis.» 7  Evi- 
dence of a canalicular spread of chlamydiae causing 
salpingitis was obtained by experiments in which the 
tubes had been ligated prior to the inoculation of the 
organism into the uterine cavity. In these animals, sal- 
pingitis did not develop. The gross lesions and the his- 
tologic findings in tubes of monkeys infected with C. 
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trachomatis were similar to those reported to be charac- 
teristic of gonococcal salpingitis in women, !® 8! H2 viz, 
the tubes were swollen and reddened and the tubal 
epithelium was destroyed. The tubal lumina were filled 
with an exudate containing lymphocytes and des- 
quamated epithelial cells, while the tubal wall was 
heavily infiltrated through all layers with lymphocytes 
and some polymorphonuclear leukocytes. 

The monkey studies referred to fullfilled Koch’s pos- 
tulates with regard toC. trachomatis as an etiologic agent 
of AS. 

In two patients’ in whom C. trachomatis was isolated 
in pure culture from the fallopian tubes and who de- 
veloped a significant antibody response to the organism 
(with extremely high IgG titers), the macroscopic and 
histologic appearance of the tubes was similar to that 
found in the monkeys experimentally infected with 
chlamydiae (and thus also similar to that in women with 
gonococcal salpingitis). 

Follow-up studies for 2 months on two monkeys ex- 
perimentally infected with C. trachomatis, which pro- 
voked salpingitis, revealed thickened tubal mucosal 
folds and adhesions in one of the animals, while in the 
other the’ tubal lumina were reduced in size and the 
epithelium was atrophic and flattened.” These findings 
may suggest that tubal chlamydial infections might re- 
sult in impaired tubal infection and, hence, in infertility 
or an increased risk of ectopic pregnancy. 

There still is little information on the role of the 
immune system in either resolution of genital in- 
féctions with C. trachomatis, including salpingitis, or re- 
sistance to reinfection. It seems probable that infections 
of the lower genital tract with this agent can persist, 
despite the presence of chlamydial humoral and local 
antibodies. However, such antibodies may inhibit pino- 
cytosis of chlamydiae in eukaryotic cells,* resulting in 
false negative in vitro cultures. In experimental studies 
on ocular infections with C. trachomatis in monkeys® 
and in guinea pigs infected with the guinea pig inclu- 
sion conjunctivitis (GPIC) agent,” the finding of local 
antibodies has been found to correlate with resistance 
to infection. The role of cell-mediated immunity in 
human genital chlamydial infections is poorly defined, 
although such immunity could possibly develop.*’ In 
preliminary studies of grivet monkeys in which salpin- 
gitis was provoked by injection of C. trachomatis in- 
oculum into the tubes and by subsequent repeated 
injections into the cervix, a humoral (but no cell- 
mediated) immune response could be demonstrated.” 
Recently, White and associates'*? found that in immu- 
nosuppressed guinea pigs the GPIC agent could spread 
to the fallopian tubes and provoke endometritis and 
salpingitis, resulting in pyosalpinx and hydrosalpinx. 
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Immunosuppression mediated by daily doses of cy- 
clophosphamide hindered the development of hu- 
moral and cell-mediated responses to the organism and 
caused prolonged genital chlamydial infection. This 
was also true when the humoral (but not the ceil- 
mediated) immunity was suppressed, indicating that 
the former is essential for recovery from genital im- 
fections with this agent. The mode in which humoral 
antibodies control the intracellular parasitism of GPIC 
is not known; also, it is unknown whether secretory 
antibodies are important in this respect. In nonim- 
munosuppressed guinea pigs, genital infections with 
GPIC resolved in 20 to 25 days, and the animals were 
then resistant to challenge infection.” In nonim- 
munosuppressed grivet monkeys infected with C. 
trachomatis, immunotype K, in the tubes, the uterus, or 
the cervix, infection resolved without antibiotic treat- 
ment within 5 to 6 weeks.” 

The diagnostic value of culture and serologic studies for C. 
trachomatis in AS. The outcome of culture studies for 
C. trachomatis in patients with AS seems to be correlated 
to the host’s immune response to the organism prior to 
the time of sampling. Thus, groups led by Mårdh” and 
Svensson''* found an inverse correlation between the 
titer of serum IgG antibodies to the organism and the 
result of cultures for C. trachomatis from cervical speci- 
mens. In patients with a titer <64, 75% were culture- 
positive for C. trachomatis from the cervix, whereas in 
patients with titers of 64, 128, 256, and 2512, the cor- 
responding percentages were 54%, 37%, and 18% (Fig. 
1). Therefore, patient (and doctor) delays, as discussed 


previously, may be related indirectly to the finding of : 


C. trachomatis by culture studies in PID patients. 

In experimental studies, the presence of chlamydial 
antibodies in tissue cell cultures can hinder pinocytosis 
of chlamydiae and hence the formation of intracyto- 
plasmatic inclusions in such cultures.’ This might re- 
sult in false negative chlamydial cultures when study- 
ing clinical specimens containing antibodies to C. 
trachomatis. 

Treharne and co-authors'® reported that IgM an- 
tibodies in human beings with genital chlamydial in- 
fections persist for 8 to 10 weeks after infection. Other 
studies’ on patients with venereal disease suggest that 
such antibodies persist for a longer period of time. If 
this is so, the demonstration of IgM antibodies would 
be of limited value for the establishment of current 
genital chlamydial infections. 

By the use of a modification’ of the micro-IF anti- 
body test,” Ripa and colleagues and Møller and 


Mårdh” determined the occurrence of serum an- - 


tibodies to C. trachomatis in grivet monkeys in whom 
salpingitis had been provoked by this organism. Such 
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Fig. 1. Inverse correlation between serum IgG antibodies to 
Chlamydia trackomatis and result of cultures for the organism 
from the cervices of 60 salpingitis patients. 


IgM antibodies could be detected after 1 to 2 weeks and 
had disappeared 5 to 8 weeks after the infection, while 
IgG antibodies appeared within 2 to 3 weeks but were 
stil present after 10 to 12 weeks, when the experiments 
were ended. 

In two of 10 patients with salpingitis and from whom 
C. trachomatis was isolated in pure culture from the 
tudes, micro-[F IgM antibodies at a titer of =8 were 
found, while IgG antibodies occurred in all patients. 
The highest titer of IgG antibodies demonstrated was 
2,046. Follow-up studies on some of these patients in- 
dicated that serum IgM and IgG antibodies to C. 
trachomatis do not persist for years in tetracycline- 
treated salpingitis patients. Thus when retesting two of 
these patients 144 years after the first serum samples 
had been drawn, IgM or IgG antibodies to C. 
trachomatis could not be detécted, even though high an- 
tbody titers had been detected in the previously tested 
sera. 

Recently Schachter and associates? stated that tests 
for serum IgM and IgG antibodies and such IgA and 
secretory IgA antibodies in cervical secretion cannot be 
substituted for agent isolation when diagnosing genital 
chlamydial infection. 

Epidemiologic aspects of genital infections with C. tra- 
ckomatis. Culture studies indicate that genital coloni- 
zation with C. trachomatis is common in young, adult 
women in western nindustrialized countries. For ex- 
ample, in southern Sweden, such infections occurred in 
6.1% of a series of 231 consecutively examined preg- 
nant women, while 8.7% of 273 puerpera women from 
the same area also harbored the organism. When 
analyzing the recovery frequency in pregnant and 
puerperal women by age, it was found that in women 
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= 19 years of age, 10% and 24%, respectively, had 
positive cervical cultures. In the age group 20 to 24 
years, the corresponding figures were 8.7 and 10.2; 
while in women beyond that age, chlamydiae occurred 
in 4.2% in both groups.” 

In a seroepidemiologic study in Greenland, viz., a 
society with a high prevalence of venereal disease (with 
an approximate 100-fold prevalence of gonorrhea over 
the aforementioned community), evidence was found 
of exposure to C. trachomatis, immunotype D-K, which 
was common in that community.” Among other things, 
sera were tested from all individuals in a small settle- 
ment. IgM antibodies to C. trachomatis were detected in 
6% of the men and 6% of the women, while IgG an- 
tibodies occurred in 21% and 51% of the total 150 in- 
dividuals studied. 

The aforementioned studies suggest a high preva- 
lence of genital infections with C. trachomatis in women 
in both industrialized and developing countries. The 
risk of ascending spread of a cervical infection with C. 
trachomatis remains, however, to be determined. 

Which data support the hypothesis that C. trachomatis 
is probably the most common etiologic agent of acute 
PID, at least in the Scandinavian countries? The or- 
ganism is isolated from the cervices (apart from or- 
ganisms constituting the normal flora) and the fallo- 
pian tubes of patients with this disease more frequently 
than any other agent. An antibody response to C. 
trachomatis, including a significant antibody change, 
does occur frequently in patients with AS, and sig- 
nificantly more often than responses to B. fragilis, M. 
homims, and N. gonorrhoeae, as evidenced by the studies 
referred to elsewhere in this article. 

Differences of prevailing opinions of the relative im- 
portance of etiologic agents of AS in the United 
States'* #8 and in Sweden probably could be explained 
by the earlier discussed differences in the selection of 
salpingitis patients studied. 

It has been argued that since no difference in the 
therapeutic effect of penicillin/ampicillin and tetracy- 
cline could be demonstrated in a short-term follow-up 
study of PID patients, it is difficult to imagine any im- 
portant etiologic role of C. trachomatis.'° However, in 
less severe salpingitis cases, as studied by the authors 
mentioned last, symptoms disappeared and both eryth- 
rocyte sedimentation rate and white blood count gen- 
erally returned to normal values within a couple of 
weeks, even without antibiotic treatment. In severe 
cases of acute PID with abscess formation, such a be- 
nign clinical course is not probable. Ampicillin may 
suppress, although probably will not eradicate, genital 
chlamydial infections. Thus, when sampling for C. 


trachomatis is done shortly after such a course of ther- 
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apy, false negative cultures may be obtained. In long- 
term follow-up studies made with regard to preserva- 
uon of fertility in salpingitis patients, Weström and 
associates'*’ founc. no difference in salpingitis patients 
who were involuntarily childless and recommended the 
following antibiotic regimens: benzyl penicillin plus 
strep-omycin, chloramphenicol, ampicillin, or tetracy- 
cline. This study, which seems to be unique with regard 
to the duration of follow-up, viz., >8 years (a time pe- 
riod which is necessary to evaluate the impact on fer- 
tility of antibiotic treatment of AS), stresses the need 
for evidemiologic measure in order to reduce the pre- 
valence of STD agents that can cause this disease. 

` Due to the high percentage of asymptomatic carriers 
of C. trachomatis” contact tracing seems to be one im- 
portant measure for the prevention of chlamydial sal- 
pingi-is. The results of contact tracing of C. trachomatis 
indicate that this could be just as successful as contact 
tracir.g in patients with gonorrhea. Thus, Thelin and 
his group’”® found that in 103 female consorts of 112 
men with C. trachomatis infection, 65% harbored the 
organism. Of 95 male partners to 85 such female pa- 
tients, 53% were found to be infected with C. trachoma- 
tis. Half of the chlamydia-positive consorts were symp- 
tomless. In a similar study of consorts to patients with 
gonorrhea by the same authors, 86% of the male and 
78% of the female consorts harbored N. gonorrhoeae. OF 
these consorts, 50% and 40%, respectively, were symp- 
tomless. Consorts <o patients with salpingitis and cervi- 
cal gonorrhea are often asymptomatic. Thus Eschen- 
bach” found 41% of gonococcal carriers among such 
conscrts to be asymptomatic. 

Ch_amydial perthepatitis in acute salpingitis. Peri- 
hepatitis as a complication of salpingitis was first re- 
ported by Stajano in 1919 and is now known as the 
Fitz-Hugh-—Curtis syndrome.'” *8 In recent studies on 
perihzpatitis, gonccocci have been recovered from the 
cervices of approximately half of all such patients, but 
seldom from peritoneal acvities. 

Miller-Shoop and co-workers” studied 11 female 
peritonitis patients 17 to 38 years old, seven of whom 
also kad signs of rerihepatitis. Of the remaining four, 
two had salpingitis and peritonitis but no signs of 
perih2patitis. Ten of the 11 patients (including the two 
salpirgitis patients) had serum antibodies to C. tracho- 
matis, suggesting a current or recent chlamydial infec- 
tion. Chlamydial cultures were not obtained, while 
cervical cultures for N. gonorrhoeae were positive in two 
of the patients with perihepatitis and in one of those 
with salpingitis. Tae laparoscopic findings in three of 
the 11 women revealed “violin-string” adhesions de- 
scribed as being characteristic of the Fitz-Hugh~Curtis 
syndrome. However, none of the patients in this study 
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suffered from the syndrome, viz., salpingitis compli- 
cated by perihepatitis. 

Wolner-Hanssen and associates’ recently diagnosed 
perihepatitis in three women with evidence of acute 
chlamydial salpingitis. One of the patients was a 14- 
year-old girl. She underwent laparoscopy because of 
abdominal pain of the right upper quadrant. An 
exploratory laparotomy revealed salpingitis and peri- 
hepatitis. A liver biopsy disclosed a thickened, fibrinous 
capsule, but there were no signs of altered paren- 
chymal architecture. Adhesions of “violin-string” ap- 
pearance between the liver surface and the anterior 
abdominal wall were found. The patient had a sig- 
nificant change in both IgM and IgG (maximum titer, 
4,096) antibodies to C. trachomatis, suggesting a current 
chlamydial infectton. No gonococcal JHA pili an- 
tibodies were demonstrated. The history suggested a 
sexually transmitted infection with C. trachomatis. Thus, 
2 weeks prior to the onset of the patient’s abdominal 
pain, her first and only sexual partner had been treated 
for a chlamydial culture-positive urethritis. The second 
patient was an 18-year-old woman who presented with 
lower abdominal pain. Acute salpingitis was assumed 
and confirmed by laparoscopy, which unsuspectedly 
also revealed perthepatitis, Evidence of a chlamydial 
(but not of a gonococcal) infection was found. In the 
third case, findings were similar, but this woman had 
attended a surgical department because of right- 
upper-quadrant pain suggestive of cholecystitis. The 
microbiologic findings in this case suggested a current 
chlamydial infection. In the study a woman was de- 
scribed who had evidence of chlamydial salpingitis and 
symptoms indicative of perihepatitis, but in whom. the 
laparoscopy revealed a normal liver surface. 

Some young women (<30 years old) with symptoms 
suggestive of cholecystitis, who attend surgical depart- 
ments and hospital emergency rooms, seem to be 
suffering from salpingitis complicated with perihepati- 
tis. The. study by W6lner-Hanssen and colleagues"? 
indicates that right-upper-quadrant pain may occur 
also in patients with AS but without laparoscopic signs 
of perihepatitis, and that perihepatitis may occur in 
women with salpingitis without symptoms suggestive of 
this complication. 

Perihepatitis and peritonitis were demonstrated in a 
grivet monkey infected with C. trachomatis in the uter- 
ine cavity after curettage.’ The tubes of this monkey 
had been ligated prior to infection. There were no 
signs of salpingitis at autopsy performed 2 weeks after 
the infection. The monkey had adhesions between the 
anterior abdominal wall and the liver surface. There 
were signs of acute inflammation in the liver capsule, 
but there was no parenchymal involvement. This study 
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Fig. 2. Annual number of female genital tuberculosis cases 
diagnosed by culture studies in southern Sweden (Malmö 
excluded) from 1950 to 1979. The laboratory catchment re- 
gior. has approximately one-half million female inhabitants. 


indicates that genital chlamydial infections can spread 
to the liver surface by routes other than canalicularly 
through the tubes. As mentioned, perihepatitis (and 
peritonitis) in the absence of salpingitis has been found 
in women with serologic evidence of chlamydial in- 
fect.on.” The demonstration of a case of gonococcal 
perihepatitis and peritonitis with “violin-string” adhe- 
sions in a man* also indicates the possibility that Fitz- 
Hugh-Curtis syndrome may be caused by an infection 
not spread canalicularly through the tubes. 

Miscellaneous, uncommon etiologic agents. Pri- 
mary respiratory tract pathogens, such as group A 
streptococci,” Haemophilus influenzae ,* °° and Mycoplas- 
ma tneumonze,'*? have been isolated from the tubes of 
patients with signs of salpingitis. 

Compylobacter fetus is another rare cause of salpingitis, 
as evidenced by a case in which septicemia also oc- 
curred.® PID infections with Actinomyces have been 
diagnosed in IUD users.'® 

Tae observation that Enterobius vermicularis can in- 
vade the tubes has been made repeatedly, as recently 
reviewed by Saffos and Rhatigan.® 

Among tropical diseases that may be associated with 
PID. filariasis and schistosomiasis have been consid- 
ered, However, few data are available on the preva- 
lence, epidemiologic pattern, and pathophysiology of 
these infectious diseases in PID. 

Besides tuberculosis, a number of chronic infections 
may involve the internal female genital organs. How- 
ever. lack of space precludes the consideration of such 
infections. 

The role cf viruses in acute PID still awaits thorough 
study. In a pilot study of 15 cases,*® Coxsackie B5 and 
ECHO 6, respectively, were isolated from the tubes of 
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two such patients. The latter isolate, however, probably 
represented a laboratory “pickup.” Certain rhino- 
viruses have been able to grow only in tissue organ 
cultures of human fallopian tubes.* Whether this ob- 


servation has a clinical counterpart remains to be es- 
tablished. 


Tuberculous salpingitis 


Nowadays, tuberculosis of the fallopian tubes seems 
to be a rarity in most western industrialized countries. 
Figures on the prevalence of this disease in developing 
countries seem to be meager. 

In 1921, Curtis'® found tuberculous salpingitis (TS) 
in 9% of a series of 102 American women with 
inflammatory changes in the tubes. In the early 1960s, 
American textbooks on gynecology stated that approx- 
imately 5% of all salpingitis cases in developed 
western countries were associated with mycobacterial 
infection.*! 

Fig. 2 shows the number of cases of genital tubercu- 
losis diagnosed by cultural studies in women in south- 
ern Sweden (Malmo excluded) during the years 1950 
through 1979. The total number of such cases during 
these 30 years was 102. The female population of the 
laboratory catchment region is roughly one-half mil- 
lion women. As seen in the figure, the number of diag- 
nosed cases of genital tuberculosis tended to decrease 
during the study period. Although no figures are avail- 
able exclusively for genital tuberculosis, tuberculosis of 
the urogenital tract in Swedish women during the last 
decade has accounted for 5% to 10% of all diagnosed 
cases of tuberculosis. 

Itis notable that 19.6% of the isolated mycobacterial 
strains belonged to Mycobacterium bovis. The remaining 
strains were diagnosed as Mycobacterium tuberculosis. Be- 
cause cattle in the study area have been free of tubercu- 


losis during ‘the last three decades, the culture results - 


suggest that the patients from whom M. bovis was iso- 
lated must have acquired their infections long ago. 

The mean age of patients with TS in the community 
studied is much greater than that of patients with non- 
tuberculous PID. The eradication of bovine tuberculo- 
sis from an entire region will be accompanied by a de- 
crease in the number of cases of genital tuberculosis in 
women. 

In women with tuberculous peritonitis, or pelvic tu- 
berculosis, the tubes are involved almost invariably. 
Tuberculous salpingitis also can occur, however, in 
women with no signs of generalized peritonitis.*! 

It has been demonstrated that TS generally is asso- 
ciated with pulmonary tuberculesis, although often 


*Hoorn, B.: Personal communication, 1974. 
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only a healed primary complex can be found. A 
hematogenic spread with a predilection for the fallo- 
pian tubes seems to occur in such patients. The occur- 
rence of tubal infections with M. bovis suggests that 
there might also be primary foci other than the lungs. 
Tube-culosis of the tubes is seldom considered to be a 
sexually transmitted infection, although, in principle, a 
woman can be infected by a man with tuberculous 


‘epididymitis. 


The gross lesions of the tubes in cases of tuberculosis 
can be similar to those in recurrent, chronic gonococcal 
salpirgitis.‘° Thus, the diagnosis of tuberculous sal- 
pingitis in Curtis’ nine cases could not be diagnosed in 
the oderating theater, but only after careful examina- 
tion of the extirpated tubes and in three cases only 
after histologic examination.'® Often a thorough mi- 
croscopic examination of the tubes must be made be- 
fore the diagnosis can be confirmed. The occurrence of 
tubercles can be limited to the mucosa; they seldom 
occur in all layers of the tubes. There may be a prolif- 
eration of the mucosal folds resembling that found in 
cases of adenocarcinoma.® In patients with Crohn’s 
disease, histologic changes of the tubes resembling 
those found in TS have been demonstrated recently.’ 


OFtaining specimens in AS 


Lower genital tract. In addition to a cervical speci- 
men, urethral and rectal swabs also should be exam- 
ined for gonococci in cases of assumed PID. Anaerobic 
bacteria regularly occur in the cervical flora of healthy 
women,” and their presence at this site in patients with 
PID is difficult to interpret with respect to the etiology 
of the PID. With regard to chlamydiae, some authors 
have recently stated that urethral cultures may be posi- 
tive .n up to 30% of women in whom the organism 
cannot be demonstrated in cervical specimens. In a re- 
cent study in which the culture results of urethral and 
cervical specimens were compared" such a discrep- 
ancy could not be demonstrated. On the contrary, 
cervical cultures were more often positive. This is in 
accordance with several earlier studies. The postericr 
vaginal fornix seems to be the preferred site for sam- 
pling for mycoplasmas from the lower genital tract. For 
the isolation of ureaplasmas, cervical and vaginal swabs 
have been shown to be equally efficient." 

Uterine cavity. As yet results of cultures from spec- 
imens collected from the uterine cavity in patients with 
acut2 PID have not been presented. For the collection 


‘of intrauterine specimens, Ledger and co-workers* 


recommended transabdominal endometrial aspiration. 
In FID patients such a study probably would provide 
important results because most agents causing this 
condition are believed to spread canalicularly via the 
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uterine mucosa to the tubes (see following discussion). 
However, such a study must be questioned from an 
ethical point of view. 

In cases of assumed genital tuberculosis in women in 
the fertile ages, menstrual blood should be collected for 
cultural studies. 

Cul-de-sac and fallopian tubes. In cases of assumed 
salpingitis not subjected to laparoscopy or laparotomy, 
one must reckon with a comparatively high percentage 
of false diagnoses, viz., up to 25%, in clinically miid 
infections, as exemplified by Jacobson and Westrdm.*° 
Furthermore, both these procedures afford the possi- 
bility of performing sampling direct from the cul-de- 
sac and/or the fallopian tubes. Biopsy specimens also 
may be obtained. Visual inspection of the pelvic organs 
also allows determination of the severity of the tubal 
inflammatory reaction, which seems to be of tmpor- 
tance in the understanding of pathophysiologic pro- 
cesses in PID induced by various etiologic agents. 
Laparoscopy, as compared with laparotomy, involves 
less risk of microbial contamination of the specimens 
collected. During visual inspection of the tubes through 
the laparoscope, specimens may be obtained from the 
tubal lumina. Should the abdominal ostia be closed, a 
puncture can be made and material aspirated. The 
outcome of microbiologic studies of tubal specimens 
from patients with PID seems to depend on the experi- 
ence of the surgeon who performs the sampling. For 
tubal sampling, a swab with a conical tip or an infant 
feeding catheter can be used. It seems essential that the 
sampling instrument be introduced into the lumen of 
the tube, and not just touching the fimbriated end. A 
difference in the outcome of analyses of these two types 
of specimens for chlamydiae might be equivalent to the 
discrepancy found in the frequency of isolation of 
these organisms between specimens collected from the 
urethral meatus and those collected by swabbing 3 to 4 
cm up into the urethra. 

As already discussed, in cases where laparotomy or 
laparoscopy is not performed, culdocentesis has been 
recommended as an alternative method for obtaining 
specimens from the cul-de-sac for etiologic studies. 
Comparison of the results of cultures of specimens col- 
lected from the cul-de-sac, at laparotomy, or in con- 
junction with laparoscopy vs. specimens obtained from 
the same patient by culdocentesis has revealed that 
often a greater number of species can be isolated from 
the latter type of specimen.'!® This indicates a risk of 
contamination of culdocentesis specimens by organ- 
isms of the vaginal or intestinal Hora. Comparison be- 
tween results of cultures of specimens from the cul-de- 
sac vs. the fallopian tubes in the same patient has shown 
that fewer species are recovered by culdocentesis than 
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from Fallopian tube specimens.!'® These observations 
indicace thet tubal specimens are preferred in etiologic 
studies of AS (see also discussion of “Neisseria gonor- 
rhoeae” and “Anaerobic infections”). 


Recent advances in laboratory diagnostic 
methods 


Tests for tubal isoamylases. In the vast majority of 
cases of AS the level of tubal isoamylases in peritoneal 
fluid is reduced markedly.'** In patients with assumed 
salpingitis in whom, for one reason or another, the 
tukes cannot be inspected visually, the levels of such 
amylases in a specimen collected by culdocentesis may 
be determined and compared to those in serum of the 
patient. The determination of the proportion of 
anrylases ir: these specimens was found to have a higher 
diagnostic significance than the determination of acute- 
phase reactants in serum, the erythrocyte sedimenta- 
tion rate, and white blood cell count in fluid from the 
cul-de-sac. 

Neisseria gonorrhoeae. The development of transport 
media”? for specimens to be studied for the presence of 
gonococci has done much to improve the quality of the 
dizgnosis of gonococcal infections. However, when 
such specimens can be inoculated “bedside” and the 
cu.ture plates incubated immediately thereafter, a 
higher isclation frequency has been demonstrated. 
Cemmercially available, ready-to-use media which 
after incubation can be sent to the laboratory for 
confirmation tests serve a similar purpose. 

-n a study in which gonococcal media based on vari- 
ous commercial dehydrated gonococcal agar bases (and 
prepared as recommended by the manufacturers) were 
compared with a newly developed variant of such 
media, the new medium was found to be superior with 
regard to the frequency of isolating N. gonorrhoeae 
(from urethral, cervical, and rectal specimens).*’ Other 
recently modified gonococcal media are those of Sng 
and colleagues’ and Young." 

Recently, Soltesz and Mardh'® described an enrich- 
ment broth for Neisseria gonorrhoeae which, with isolated 
exceptions, allowed growth of all tested isolates of this 
organism. The broth medium, which may be given se- 
lective properties, is Inexpensive and easy to prepare 
and does not contain blood products, apart from he- 
mn. A medium with these properties has been lacking 
up to now. 

Recently methods have been devised for the rapid 
idenufication of N. gonorrhoeae. One of them, the “co- 
agglutination” test, utilizes the property of protein A to 
bind IgG antibodies nonspecifically (except for IgG3). 
Bw using Staphylococcus aureus, producing protein A and 
ccated with gonococcal antibodies, gonococci may be 
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agglutinated within a couple of minutes.!8 However, 
when serum-containing gonococcal media are used to 
isolate N. gonorrhoeae, difficulties may arise in interpret- 
ing the test result. Amato and associates? reported a 
method that avoids any need of fermentation tests and 
provides an answer within 4 hours. This method, which 
also eliminates the need to subculture suspect gonococ- 
cal colonies from the primary isolation plates, utilizes 
differences in the enzymatic profiles of Neisseria gonor- 
rhoeae and other Neisseria species. Radiometric methods 
also have been reported as an alternative for identifica- 
tion of Neisseria species.''! The use of head-space gas 
chromatography (discussion to follow) is another ap- 
proach to the rapid identification of N. gonorrhoeae, for 
which less than 8 minutes are needed for each analysis. 
Schaffer and co-authors”? recently used wheat germ 
lectin in agglutination tests for the differential diag- 
nosis of N. gonorrhoeae. 

At present, methods adapted for large-scale use in 
the routine clinical microbiologic laboratory are lacking 


for auxotyping or differentiation of N. gonorrhoeae by ` 


immunologic means. 
In a comparison of four techniques for the detection 


of serum antibodies to N. gonorrhoeae, two gonococcal » 


pili antibody tests, viz., an RIA?” and an IHA,” were 
found to be highly and equally sensitive and specific. 
Although it is highly sensitive, the gonococcal comple- 
ment fixation test, which has been used widely, has too 
low a specificity to be suitable for the study of A 
sited gonococcal infections such as AS.” 

Anaerobic bacteria. For the diagnosis of anaerobic 
bacteria, the methods developed at Virginia Polytech- 
nic Institute, Blacksburg,” and elsewhere have had a 
significant impact on diagnostic standards regarding 
anaerobic infections. 

The application of gas chromatography to the iden- 
tification of anaerobic bacteria enhances diagnostic 
rapidity. A further development within this field is the 
use of head-space gas chromatography for the same 
purpose. *? This latter technique, which does not re- 
quire derivation or extraction procedures, is extremely 


simple to perform and provides more information of 


differential diagnostic value than earlier used gonococ- 
cal methods. Analyses can be made on a 24 hour basis 
when using an automatic injector unit and connecting 
the gas chromatograph to a computer unit, thus pro- 
viding an objective evaluation of the chromatograms 
obtained. Thus the organism in question may be iden- 
tied without the presence of any personnel. 

In addition to culturing, specimens collected from 
the cul-de-sac or the fallopian tubes of salpingitis pa- 
tients should be subjected to staining procedures. Bac- 
teria not detected by culture studies but found in 
stained smears of such specimens from untreated pa- 


portation medium, 
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tients signifies inadequate culture techniques. Smears 
of such material should be stained shortly after sam- 
pling; otherwise, certain anaerobes may lose their abil- 
ity to absorb stain. Acridine orange staining” eases the 
detection of bacteria in clinical specimens by providing 
a differential staining between bacteria and eukaryotic 
cells. Smears also may be prepared for immunofluores- 
cence studies. Immunofluorescence test kits for the 
Bacteroides fragilis and Bacteroides melaninogenicus groups 
of bacteria are now available commercially. Groups 
headed by Holland”? and Holst found these test kits to 
have an acceptable sensitivity and specificity with re- 
gard to the two species mentioned. Clinical specimens 
also may be analyzed directly by gas chromatography 
for volatile fatty acids, which provides a rapid means 
for the detection of anaerobic infections, viz., in pelvic 
abscesses.” 

Mycoplasma hominis and Ureaplasma urealyticum. . 
The use of swabs on wooden applicator sticks may pre- 
vent color change in urease tests on ureaplasmas, with 
subsequent false negative culture results, if solid media 
are used. Use of calcium alginate swabs also may result 
in a poor recovery of ureaplasmas. A rayon-tipped 
swab (Cepti-Seal Culturette, Marion Scientific Co.) 
produced the best culture results.® Similar studies on 
M. hominis do not appear to have been undertaken yet. 

Recent evaluation of isolation techniques for genital 
mycoplasmas and ureaplasmas has shown that the 
quickest and best culture results are obtained when a 
biphasic medium is used. The sampling swab is kept for 
i day at 37° C in a broth medium, viz, B-mediurn for 
mycoplasmas and SU-medium for ureaplasmas.” The 
incubated media are then poured over the same type of 
media, but solidified with agar. The plates are incu- 
bated overnight at 37° C, whereafter the liquid phase is 
discharged. Colonies of M. hominis and U. urealyticum 
usually will emerge after another 1 to 2 days of incuba- 
tion. When directly pouring plates with liquid trans- 
colonies of mycoplasmas and 
ureaplasmas will emerge later, and the recovery fre- 
quency will be lower. 

The mere use of the two types of medium mentioned 
generally will distinguish between M. ‘hominis and U. 
urealyticum, which are almost exclusively those species 
of the family Myccplasmataceae that can be recovered 
from genital tract specimens. In case of uncertainty as 
to the identity of the isolated organisms, immu- 
nofluorescence tests, as modified by Black and Krogs- 
gaard-Jensen,® can be performed. Growth inhibition 
tests also might be used. In a recent modification of this 
latter test, antisera are applied directly to the surface of 
the culture plate, which is concave.” 

Comparative studies in man and experimental-y in- 
fected monkeys have shown that an IHA seems to be 
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the most suitable technique for the determination of 
serum antibodies to M. hominis, ™ ® Two antibody tests, 
one mycoplasmacidal, the other ureaplasmacidal, have 
been described also.” 

Growth inhibition tests, as modified by Møller,® also 
can be used for the determination of serum antibodies 
to M. hominis, although this test is somewhat less sensi- 
tive than the IHA. The growth inhibition test has the 
advantage of being far easier to perform than other 
serologic methods described so far. 

Chlamydia trachomatis. For the transportation of 
specimens to be cultured for C. trachomatis, a sucrose 
buffer (2-SP) containing antimicrobials usually is em- 
ployed. For sampling, calcium alginate swabs often 
have been recommended. However, in studies in which 
such swabs were placed in experimentally infected 
2-SP, a marked reduction in the inclusion count of C. 
trachomatis was found in subsequent isolations on tissue 
culture cells. Cotton-tipped swabs on wooden applica- 
tor sticks had the same effect. Of the various swabs 
available, a cotton-tipped steel swab (Medical Wire & 
Co.) was found to be the least toxic. The use cf glass 
tubes for transportation of clinical specimens also may 
affect the culture results negatively. Such tubes contain 
metal ions, e.g., Br, Ca, Cl, Cu, K, Ni, Pb, and Zn, 
which can contribute to this effect. 

The diagnosis of C. trachomatis 1s based on the ability 
of the organism to produce characteristic intra- 
cytoplasmic inclusions in tissue culture cells. McCoy 
and HeLa 229 are the cell lines that have been em- 
ployed most commonly for the isolation of Chlamydia. 
Treatment of HeLa cells with diethylaminoethylcel- 
lulose and pretreatment of McCoy cells with anti- 
metabolites such as 5-iodo-2-deoxyuridine’* and 
cytochalasin B'®’ will render the cells more susceptible 
to infection with chlamydiae, thus causing genital in- 
fections. These methods were offered as alternatives to 
irradiation of the cells. In 1977, Ripa and Mardh® rec- 
ommended cycloheximide as another metabolite with 
which to treat McCoy cells to be used for the isolation 
of chlamydiae. Cycloheximide is added to the cultures 
at the time of specimen inoculation, which is advan- 
tageous. In comparative experimental studies using 
McCoy cells, the cycloheximide method was found to 
be more sensitive than techniques used earlier for 
the isolation of C. trachomatis. For rapid detection 
of chlamydiae in cycloheximide-treated McCoy cells, 
Thomas and associates!" used immunofluorescence 
staining of the cells. Salari and Ward** used fluorescent 


Infectious agents of salpingitis 947 


` 
deoxyribonucleic acid-binding dyes for the same pur- 
pose. For the serologic diagnosis of genital chlamydial 
infections, the micro-IF test introduced by Wang and 
G-aystone’** is the most suitable technique described so 
far. In this technique, antibodies also can be deter- 
mined by Ig class using isothiofluorescein-conjugated 
antihuman globulins. Complement fixation tests, which 
can detect antibodies to genus-specific antigens of 
Chlamydia, do not possess an acceptable sensitivity and 
specificity, with the possible exception of lymphogranu- 
loma venereum infecuons. 

In order to simplify the laborious procedure of the 
mucro-IF test, originally described for immunotyping 
of chlamydial strains, the use of pools of antigens of the 
various iramunotypes of C. trachomatis has been rec- 
ommended.'?* 9 The use of pooled antigens some- 
waat reduces the sensitivity of the micro-IF test, but on 
the other hand, this modification makes it realistic to 
perform tests for chlamydial antibodies in routine di- 
agnostic work. The use of formalinized antigens may 
simplify the handling of such antigens. ° 

The use of a single, broadly reacting antigen, Viz., of 
immunotype LG 2, has been suggested also.” The use 
of such individual, easily grown antigens has been 
claimed by others to result in an unacceptable decrease 
in sensitivity and specificity. 

The wearisome procedure of preparing antigens for 
micro-IF tests from infected yolk sac material or HeLa 
cell cultures stimulated the application of immu- 
nofluoresczence antibody tests using tissue culture cells 
w:th inclusions of C. trachomatis, immunotypes E” and 
LSV 1,3 zs antigen. Techniques other than the micro- 
IF test also have been developed for serologic studies of 
chlamydial infections, e.g., an enzyme-linked immu- 
nosorbenz assay," hemolysis-in-gel test, and a solid- 
piiase radicimmunoassay,'!® but these tests have not 
been used widely so far. 

Mycobacteria. The diagnosis of mycobacteria is 
laborious and ume-consuming. The recent application 
of gas chromatography for their identification will in- 
crease diagnostic speed.» 1 

The direct demonstration of compounds charac- 
terisuc of mycobacteria, viz., tuberculostearic and Cys 
mycccerosic acids, in clinical specimens is a specific and 
rapid means for the diagnosis of genital tuberculosis.” 
So far C3, mycocerosic acid has been demonstrated 
only in Mycobacterium africanum, M. bovis, M. kansasii, 
and M. tuberculosis. 
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Experimental chlamydial salpingitis in the guinea pig 


RICHARD SWEET, M.D. 
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San Francisco, California 


Acute self-limited salpingitis developed when guinea digs’ fallopian tubes were infected with the 
guinea pig inclusion conjunctivitis agent (Chlamydia psittaci). The disease peaked at approximately 
8 days post infection and had diminished markedly by day 14. The inflammatory reaction was 
concentrated at the luminal surface. Chlamydial replication was denonstrated and inclusions were 
found in epithelial cells. (AM. J. OBSTET. GYNECOL. 138:952, 1980.) 


ONE OF THE most common sexually transmitted 
human pathogens is Chlamydia tracnematis.' In Sweden, 
the organism has been recovered from the fallopian 
tubes of 30% of women, with acute salpingitis.” Similar 
rates have not yet been reported in the United States 
where 0% to 10% of peritoneal specimens have yielded 
the organism, but serologic evidence has suggested that 
Chlamydia may be involved in approximately 20% of 
acute salpingitis cases in this country.*-> Thus, devel- 
opment of an animal model would help investigations 
of the pathogenesis of this disease. Ripa and associates® 
have shown that chlamydiae can infect the fallopian 


tubes of grivet monkeys and salpingitis will develop, - 


but studies in this experimental host are both difficult 
and very expensive to perform. 

Hutchinson and colleagues’ have shown that human 
fallopian tubes cultured in vitro are capable of support- 
ing replication of C. trachomatis, but there appears 


to be little observable damage to the tubes. We have 


confirmed this observation by demonstrating consider- 
able chlamydial replication (> 107 to 144 inclusion form- 
ing units). However, even when we held cultures for 
several weeks post infection (persistence of the or- 
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ganisrn was shown and inclusion could be seen in sec- 
tions) we observed no microscopic change in ciliary 
activity and no microscopic destruction of the arcnitec- 
ture cf the tubes. 

The naturally occurring Chlamydia psittaci infection 
of guinea pigs, guinea pig inclusion conjunctivitis 
(GPIC), suggested the use of the guinea pig fallopian 
tube. This disease, first described by Murray,’ whe later 
extensively studied the immune response, is apparently 
an inzection of the female genital tract in guinea pigs 
whick is transmitted te the newborn animal. 

The young guinea pig develops an acute self-limited 
conjunctivitis and is thereafter relatively resistant tc 
ocular reinfection. Experimental studies have shown 
that the genital tract of the guinea pig is capable of 
supporting the infection and that the guinea pigs born 
while the birth canal is experimentally infected will ac- 
quire the infection.® '° Rectal infection also can be in- 
duced experimentally.'' White and colleagues’ have 
shown that immunosuppression of guinea pigs with 
vagiral infection prevents the normal resolution of the 
disease and the infection ascends into the fallopian 
tubes, resulting in salpingitis. We attempted to induce 
salpingitis in normal guinea pigs to establish a model 
for further studies of chlamydial infection in the fallo- 
pian tube. 

It appears from studies of the human fallopian tube 
that chlamydial salpingitis cannot be studied readily in 
vitro because the hosts inhammatory response seems 
to make a vital contribution to the disease process. By 
estatlishing a model in the guinea pig, it would be pos- 


sible to compare infection in guinea pig fallopian tubes _ 


mairtained in organ culture with in vivo infection cf 
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Fig. 1. Seven days post infection. The fallopian tube is swollen and hyperemic. It presents a “scal- 
loped” appearance as it leaves the uterine horn and passes over the top of the ovary. The bottom of 


the ovary is coated with pus. 


the falopian tubes. We report preliminary observation 
on the effects of GPIC agent on the fallopian tube in 
“VIVO, 


Materials and methods 

Chiamydia-free female guinea pigs were obtained 
from Simonsen Laboratories in California and from 
Charles River in Massachusetts, The animals were 
anesthetized with ketamine (44 mg/kg) and ace- 
promazine (2 mg/kg) administered in combination. A 
local anesthetic (1% lidocaine) was infiltrated into the 
abdominal walls and the uterine horns were exposed by 
laparotomy. The proximal uterine horn was manually 
compressed and 0.5 ml inoculum was introduced dis- 
tally with a 24 gauge needle. This volume was chosen 
because preliminary experiments showed that 0.4 to 
0.5 ml was required for the inoculum to reach the 
fimbria. The surgical incision was closed by surgical 
skin clips. In different experiments the animals re- 
ceived varying amounts of agent and were killed at day 
8 or at intervals from 2? to ?1 days alter receiving stan- 
dard inocula (104 LDs,). In each experiment, control 
animals underwent the same procedures but were in- 
oculated with uninfected tissue culture supernatant. 
Upon sacrifice the animals were bled to determine an- 
tichlamydial antibody titers and the fallopian tubes 
were examined microscopically. Portions of the fallo- 


pian tubes were dissected out and placed in Bouin’s 
fixative for histopathologic examination. Small por- 
tions also were dissected out and frozen at ~70° C for 
determination of infectiousness. 


Microbiologic studies 

Chlamydial titrations were performed in cyclohex- 
imide-treated LLC-MK2 cells (which we have found to 
be highly susceptible to GPIC agent) and in the volk sac 
of embryonated hens’ eggs.'® Infective inocula were 
prepared in tissue culture. The inoculum was cultured 
for 72 hours in McCoy cells, suspended by shaking 
cells with glass beads, and centrifuged at 200 x g to 
separate cell debris. Dilutions were performed in tissue 
culture medium (minimal essential medium with 10% 
fetal calf serum). Antibodies to chlamydiae were de- 
termined by the microimmunofluorescence test as de- 
scribed by Wang and Grayston," but using GPIC agent 
as antigen. The GPIC agent used in these studies was 
isolated in this laboratory. 


Results 

Clinical course and gross observations. The inocu- 
lated animals did not become febrile nor did they ap- 
pear Hl. The following observations were made from 
animals killed at | to 2 day intervals. With slight varia- 
tion for infecting inoculum, salpingitis was first appar- 
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Fig. 2. On the left is a swollen and highly vascularized fallopian tube (7 days post infection), On the 


right is a normal fallopian tube. 





tricted to the luminal aspects 
250.) 





Fig. 3. Marked inflammatory reaction 8 days post infection is largely re 
of the fallopian tube and extends into the epithelial surface. (Giemsa stain. Magnification x 
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Fig. 4. Eight days post infection. Lumen of fallopian tube is filled with acute inflammatory infiltrate. 
There are scattered areas of epithelial cell necrosis and sloughing. There are stromal edema and a 
transmural mononuclear infiltrate. (Giemsa stain. Magnification x 160.) 


ent approximately 4 days post inoculation (animals re- 
ceiving =10* Egg LD showed inflammation at 2 
days). The disease followed an acute course, peaking in 
intensity at approximately 8 to 10 days post inocula- 
tion. At the peak of reaction the fallopian tubes were 
edematous, distended, and hyperemic and the vascular 
pattern of the serosa became very apparent (Figs. | and 
2). The purulent discharge at the fimbria often covered 
the ovary. Obvious signs of inflammation had disap- 
peared by 14 days post inoculation but adhesions had 
developed between the ovary~—fallopian tube and adja- 
cent organs. 

Histologic findings. The acute inflammatory reac- 
tion was largely restricted to the luminal aspect of the 
fallopian tube and involved the epithelial surfaces (Fig. 
3). The lumen became filled with purulent material 
and necrotic debris, There was a marked inflammatory 
reaction initially of polymorphonuclear cells and later 
(>7 days) of mixed cell type that extended threugh 
the epithelium into the stroma. Stromal edema was 
marked. The tubal fimbria were blunted and expanded 
by a mononuclear cell infiltrate that extended into the 
submucosa. The inflammatory reaction peaked be- 
tween 6 to 8 days post infection. Inclusions were seen 
only in epithelial cells lining the lumen. None was 
found in the stroma or serosa. 

The general architecture of the fallopian tube usu- 


Table I. Laboratory results on fallopian tubes 8 days 


after infection with GPIC agent 









Antibody level 





Infecting 
inoculum 


Chlamydia 
recovery 






Salpingitis 


Lot 6/6 pot 1287 64 
10%3 6/6 108-2 43 21 
1024 6/6 iG? 16 8 
os 3/3 Jos — — 
iO 0/3 —} a wee 

Q 0/6 — ae — 


a Tl ce ae ead 
*Egg LD inoculated or per gram of tissue sample. 
7Geometric mean titer. 

f Negative. 


ally was maintained, but a few sections showed obvious 
destruction of the epithelium (Fig. 4). Here there was 
also a transmural mononuclear infiltrate (lymphocytes, 
histiocytes, and scattered plasma cells) that extended 
from the lamina propria through the serosa. By day 14 
the lumen had cleared and inflammatory cells were 
sparse. Most of the epithelium had returned to normal. 

Animals inoculated with tissue culture medium 
showed no signs of inflammation. 

Microbiologic results. The fallopian tubes were 
quite suscepuble to the chlamydial infection. A titration 
showed that only 20 Egg LD; were required to cause 
salpingitis (Table 1). Chlamydial replication in the fal- 
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lopian tubes could be demonstrated both by inclusions 
found in sections and by recovery of higher titers of the 
organism than had been inoculated for those animals 
that had received less than 10° LD (Table I). The 
organism could be recovered from some animals for at 
least 14 days post inoculation. 

Antibody titers > 1:8 were not detected until 7 days 
post infection. At 8 days post inoculation the antibody 
titers appeared to be directly related to the infecting 
inocula (Table 1). IgG titers usually were higher and 
were detected at the same time as IgM responses. Both 
seemed to peak at approximately 21 days post infection 
when titers of = 1: 1,024 were observed. - 


Discussion 

The guinea pigs that received GPIC agent inoculated 
directly into the uterine horn developed an acute self- 
limited salpingitis. 

The chlamydiae replicated within the epithelial cells 
lining the lumen and the disease process seemed to be 
restricted largely to that site. The active inflammatory 
process peaked 7 to 10 days post infection, with consid- 
erable resolution by 14 days. This time sequence is 
quite similar to the course of the conjunctivitis pro- 
duced by this agent. 

This experimental salpingitis model may simulate 
the evolution of human chlamydial salpingitis. It is 
likely that many cases of salpingitis in women are also 
self-limited and it may be that more tubal damage re- 
sults from repeated attacks. It is our intention to 
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further exploit this guinea pig model and to discover 
the effects of repeated infection with Chlamydia and 
what happens when chlamydiae are intreduced in 
combination with (or followed by) other pathogens. * 

We did not observe any grossly apparent sequelae 


other than adhesions. Small areas of damaged epithe: _ 
lium could be missed easily by incomplete sampling. — 
We have not examined animals any later than 21 days 


post infection for sequelae that may be identified later. 


However, it is obvious that the ultimate test of fallopian 
tube function is uterine pregnancy. We intend to ex- 


pose animals to multiple infections with chlamydia and 
other pathogens and will then attempt to breed them. 
This may be a better indicator of tubal damage than 
histopathologic demonstration of lesions. The role of 
immunity in restricting the infective process or in en- 
hancing the disease process will be investigated also. 
The guinea pig model may prove inappropriate for 
this aspect as a model for human disease because resis- 
tance to reinfection in the guinea pig may be more solid 
than in man. 

We intend to study the effect of the GPIC agent on 
guinea pig fallopian tubes maintained in vitro. By 
comparing the responses seen in organ cultures vs. 
those seen in the intact animal, we may be able to ex- 
trapolate from the responses seen with human fallo- 
pian tubes maintained in vitro and infected with 
Chlamydia trachomatis to the pathologic agents involved 
in human salpingitis with C. trachomatis. 
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Chlamydia trachomatis in acute salpingitis 


JORMA PAAVONEN, M.D. 
Helsinki, Finland 


Of the 228 hospitalized patients who had acute salpingitis, 69 (30%) harbored Chlamydia 
trachomatis in the lower genital tract (LGT). The mean antichlamydial IgG immunofluorescence 
antibody titer was 264 in sera from the C. trachomatis culture—positive patients but only 49 in 
culture-negative patients. In paired sera obtained from 167 of the patients, 32% of the 
culture-positive patients and 13% of the culture-negative patients showed significant titer change. 
Patients with abscess formation had higher mean antichlamydial antibody titer than the group with 
no abscess (192 vs. 53), although there was no difierence between the grcups in positive 
chlamydial cultures from the LGT (33% vs. 29%). Overall, this study indicates that C. trachomatis is 
a common etiologic agent in acute salpingitis, emphasizing the need to treat chlamydial cervicitis 
before this complication develops. (AM. J. OBSTET. GYNECOL. 138:957, 1980.) 


THE INCIDENCE of acute salpingitis (synonym, pelvic 
inflammatory disease), one of the most common gyne- 
cologic disorders, seems to be on the increase.’ It af- 
fects mostly young women, and the late sequelae are 
often severe: involuntary childlessness, increased risk 
of ectopic pregnancy, and chronic abdominal pain.’ 
Acute salpingitis has classically been divided into 
gonococcal and nongonococcal forms on the basis of 
recovery or nonrecovery of Neisseria gonorrhoeae from 
the lower genital tract. In many western societies, how- 
ever, the commonest cause of sexually transmitted 
diseases is no longer N. gonorrhoeae but Chlamydia 
trachomatis.*» * This prospective study adds to the earlier 
evidence that C. trachomatis is involved frequertly in 
acute salpingitis. 


Patients and methods 


Patients. The study population consisted of 228 
consecutively examined women with acute salpingitis 
not associated with surgery or instrumentation who 
presented in the emergency room of I-II Depart-ments 
of Obstetrics and Gynecology, University Central 
Hospital, Helsinki, between October, 1977, and Sep- 
tember, 1979. All were admitted to the hospital be- 
cause of severe symptoms. The clinical diagnosis -of 
acute salpingitis was based on common criteria,°® which 
included lower abdominal pain, abnormal vaginal dis- 
charge, adnexal tenderness, erythrocyte sedimentation 
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rate =15 in the first hour, and usually fever (=38° C). 
Two different groups of salpingitis were considered on 
the basis of abscess formation (defined as swellings, 
tender to palpation, located beside the uterus which 
were elther unilateral or bilateral). 

Microbiologic and serologic methods. Cervical and 
urethral specimens for culture of N. gonorrhoeae and C. 
trachomatis were collected at the time of admission and 
handled as described elsewhere.® Chlamydial isolations 
were made in irradiated McCoy cells. 

Acute-phase sera were obtained from all patients. 
Both acute-phase and convalescent-phase sera were ob- 
tained (at intervals of 1 to 3 weeks) from 167 patients. 
The sera were stored at —20° C until assayed. IgG an- 
tibodies to C. trachomatis were determined by an immu- 
nofluorescence antibody test (IFAT) in which inclusions 
of C. trachomatis serotype L2 (434Bu) in cell culture 
served as antigen.’ The criterion for positive findings in 
this assay was either a significant (=fourfold) change in 
antibody concentration or a value of =512, which 1s 
above the ninety-ninth percentile seen in a series of 
serum specimens from healthy Finnish adults." 

Statistical significance was evaluated with the chi- 
square test and Student’s t test. 


Results: 


The mean age of the patients was 27.8 years (range, 
15 to 49), and 149 (65%) of them were less than 30 
years of age. Eighty-two (36%) were nulliparous; 114 
(50%) were fitted with an intrauterine contraceptive 
device and 25 (11%) were taking oral contraceptives. 
The gynecologic examination revealed acute salpingitis 


_ with abscess formation.in 86 (38%) cases and acute sal- 


pingitis without pelvic mass in 142 (62%) cases. 
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Table I. Results of cultures for C. trachomatis and 
N. gonorrhoeae from the lower genital tract of 228 
patients with acute salpingitis 











Culture for C. trachomatis 






Culture for 

Positive 17 43 60 
Negative 52 116 168 
Total 69 159 228 


Lower genital tract (LGT) culture for C. trachomatis 
was positive in 69 (30%) patients (in 33 cases from both 
the cervix and urethra, in 26 cases only from the cervix, 
and in 10 cases only from the urethra), and culture for 
N. gonorrhoeae was positive in 60 (26%) patients (Table 
I). Of the C. trachomatis culture—postive and culture- 
negative patients, 17 (25%) and 43 (27%), respectively, 
also had gonorrhea. The rate of C. trachomatis cul- 
ture positivity was highest (60%) in the youngest age 
group (<20 years) as compared to any other age group 
(Table II). 

The distribution of antichlamydial IgG anubody ti- 
ters is shown in Table IIL. In total, 56 (25%) patients 
had exceptionally high antibody titers of 2512. Such a 
high titer occurred in 28 of 69 (41%) C. trachomatis 
culture—positive patients and in 28 of 159 (18%) 
culture —negative patients (p < 0.01). The mean anti- 
body titers in the two groups were 264 and 49, respec- 
tively. 

Among 167 patients from whom paired sera were 
collected, significant titer changes were observed in 17 
of 54 (32%) C. trachomatis culture—positive patients 
and in 15 of 113 (13%) culture—negative patients 
(p < 0.01). 

The patients with abscess formation had higher 
mean anti~C. trachomatis antibody titer than the group 
with no abscess (192 vs. 53, p < 0.001). Besides anti—C. 
trachomatis antibody level, abscess formation also corre- 
lated with a longer mean duration of symptoms (11.0 
vs. 4.7 days, p < 0.001). By contrast, there was no cor- 
relation between positive LGT culture for C. trachomatis 
and abscess formation (Table IV). 


Discussion 


Nontuberculous salpingitis has classically been di- 
vided into gonococcal and nongonococcal forms de- 
pending on the isolation of gonococci from the LGT. 
However, it is unreasonable today to attribute most 
cases of salpingitis to the gonococcus, at least in popu- 
lations where the incidence of gonorrhea is declining.’ 
In a large proportion of patients with salpingitis {and 
their sexual partners) N. gonorrhoeae cannot be isolated 
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Table II. Age distribution and percent C. trachomatis 
culture—positive results in 228 patients with acute 
salpmgitis 


Agz group (yr) | C. trachomatis cultures (no. positive/total) i 


<20 12/20 (60%*) 
20-29 41/129 (32%) 
30-39 14/60 (23%) 

=40 2/19 (15%) 


*P=rcent positive. 


from the LGT. This has raised questions about the 
etiology and pathogenesis of nongonococcal salpingitis 
in particular. Earlier studies have shown that with the 
exception of N. gonorrhoeae no difference exists in the 


- cerv.cal bacterial cultures from patients with gcnococ- 


cal and those with nongonococcal salpingitis.° 

Tris study provides support to the concept that C. 
trachomatis often is involved in acute salpingitis. In total, 
30% of the patients harbored C. trachomatis in the 
LGT and 24% had exceptionally high (=512) anti-C. 
trackomatis tmmunofluorescence antibody titers in the 
sera. Such a high titer occurred significantly more 
often in the sera of C. trachomatis culture- positive pa- 


- tients. The fact that 18% of the culture-negative pa- 


tients also had such high antibody levels needs explain- 
ing. Technical failure in isolation as well as recent 
treazment with antimicrobial agents might have been 
responsible for che negative culture result in some 
cases. This was consistent with the finding that 13% 
of the 113 patients from whom paired sera were ob- 
tained but who were culture-negative for C. trachomatis 
showed significant titer change. In some cases, high 
titers also may be due to a past chlamydial infection 
since relatively high levels of antibody probably persist 
for a long time after chlamydiae have been cleared. 
This, however, probably was not very often the case 
sinc2 positive serology did not correlate with previous 
history of salpingitis.’ 

One might postulate that C. trachomatis behaves in the 
same manner as N. gonorrhoeae and has an important 
role in initiating the infection by damaging the mucosal 
surfaces. As a result, cervical opportunistic bacteria 
ma} gain access to the upper genital tract. Studies 
utilizing culdocentesis and the modern techniques of 
anaerobic microbiology have suggested that obligate 
anaerobes are associated with a varying proportion of 
acute salpingitis cases. Whether these are pathogenic or 
sup2rinfections ts not clear. Culdocentesis very often 
yields mixed cultures, the value of which is difficult to 
interpret because of possible contamination by the 
complex normal flora of the vagina. Recent serologic 
studies, however, support the frequently polymicrobial 
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Table III. Distribution of antichlamydial IgG IFAT titers of 228 patien:s with acute salpingitis 





Culture for 
*C. trachomatis 





m [alee 
0 0 


i6 | 3 
Positive 69 i 


Total 228 32 17 7 17 %5 4 
*The value 2 was given to the titers of <8. 
tp < 0.001. 
tp < 0.01, 


nature of acute salpingitis in which, in addition to N. 
gonorrhoeae and C. trachomatis, enteric bacteria and en- 
capsulated Bacteroides fragilis play an important role.” '° 

The patients who had more severe disease with 
abscess formation showed a significantly higher anu-C. 
trachomatis antibody level than the group with no 
abscess, although there was no correlation between the 
isolation of C. trachomatis and the severity of the disease. 
Similarly, previous serologic studies!" '* in patients 
with acute salpingitis have shown a correlation between 
the severity of the salpingitis and the magnitude of 
the antichlamydial antibody response. In the present 
study, this finding also was consistent with the fac: that 
the patients with abscess formation had longer mean 
duration of symptoms, thus offering more time for an- 
tibody to develop. 

This study indicates that C. trachomatis is a common 
etiologic agent in acute salpingitis and emphasizes the 
need to treat chlamydial cervicitis before this complica- 


IFAT titer 


2 4 Il 1] 
Negative 159 32. I OB 13. 14 34 






Mean No. 
13 B 13 6 ] 264T 284 
6 R uU 4&4 1 49 8 
29 20 24 10 2 82 56 


Table IV. C. trachomatis culture positivity and mean 
antichlamydial IFAT titers, compared with the 
clinical finding and the duration of pelvic symptoms 


Duration of symptoms | C. trachomatis 
(days + SD) isolated 






Clinical 


finding 


Mean 
titer 


No abscess 4.7 + 3.3% 41/142 (29%) 53* 
Abscess 11.0 + 8.6% 28/86 (33%) 192% 
*p < 0.001. 


tion develops. Diagnostic facilities for C. trachomatis 
should be available in any major medical center for 
diagnosing and treating patients with salpingitis. Such 
facilities should also be available for diagnosis and 
treatment in those women who attend the clinics for 
reasons other than acute salpingitis, many of whom 
would go untreated and therefore would be at in- 
creased risk for acute salpingitis if screening facilities 
were not available. 
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Chlamydia trachomatis infection in patients with 
laparoscopically verified acute salpingitis 


Results of isolation and antibody determinations 
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Culture and serology studies have shown Chlamydia trachomatis (CT) to be one of the causes of 
acute salpingitis (AS). In the present investigation, results of cervical cultures were correlated with 
serum antibody titers to CT in patients with laparoscopically verified AS. Serum samples from 206 
patients, including paired sera from 80, were assayed. Of 206 petients, 118 had chlamydial IgG 
antibody titers of 1:64 or more. Patients with negative cultures far CT and an IgG titer of 1:64 or 
more had a significantly higher geometric mean titer than corresponding patients with positive 
cultures. In paired sera, a seroconversion or a fourfold or greater rise in IgG titer to CT was 
demonstrated in 35%, while a further 11% had detectable IgM antibody in a titer of 1:8 or more. 
The overall isolation frequency of CT was 33%, compared with 13% for Neisseria gonorrhoeae. 


(AM. J. OBSTET. GYNECOL. 138:960, 1980.) 


DURING THE PAST decade our knowledge of the 
clinical spectrum of infections. caused by Chlamydia 
trachomatis has expanded. Apart from being the mi- 
crobiologic cause of trachoma and related eye in- 
fections, C. trachomatis is recognized today as a major 
cause of nongonococcal urethritis in men and of lower 
genital tract infection in the women. The organism also 
is known to be an etiologic agent cf acute salpingitis,’ 
acute epididymitis,? and neonatal pneumonitis.’ 

The relative importance of C. trachomatis in acute 
salpingitis (AS) is a function of the prevalence of the 
organism in the population and of the prevalence of 
gonorrhea. In Sweden the incidence of gonococcal in- 
fections has decreased by 50% since 1970. The fre- 
quency of cervical gonorrhea in patients with AS in our 
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hospital catchment region was 50% in 1970, and de- 
clined to 20% in 1976-78, The incidence of AS in- 
creased during the same period.“ 

In past studies we have shown that C. trachomatis can 
be isolated from the cervix and the fallopian tubes in 
approximately one third of patients with AS admitted 
to the University Hospital of Lund.! Of 143 such pa- 
tients we showed a prevalence of IgG antibodies to C. 
trachomatis in a titer of =1:64 in 62%.° This investiga- 
tion extends our previous findings concerning the fre- 
quency of antibocies to C. trachomatis in patients with 
laparoscopically verifed AS and correlates them with 
the results of cervical cultures. 


Patients and methods 


Patients. Two hundred and six inpatients, 15 to 45 
years of age (mean, 23.5; standard deviation, 5.7), with 
lapardscopically verified AS, treated at the Department 
of Obstetrics and Gynecology, University Hospital, 
Lund, during the years 1973-78, comprise the study 
popu_ation. 

Diagnostic laparoscopy was performed on the day of 
admission in each case. The laparoscopic technique 
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Table I. Distribution of IgG chlamydial antibody titers in sera from 206 women with acute salpingitis, 
50 women with a LGTI, and 50 postpartum women (controls) 





No. of 
patients 





Grade of salpingitis 


Mild 74 28 6 li 12 8 

Moderate 78 19 4 3 12 14 

Severe 54 MW 3 3 6 1 10 
Total acute salpingitis 206 58 13 17 29 23 
LGTI 50 31 5 6 4 2 
Controls 50 45 2 J] — 2 


Reciproccl IgG chlamydial anitbady titers 





4,096 | 8,192 


2 — l “oe — 39 72 
5 3 l 3 2 67 186 
6 9 4 2 > 69 311 
13 12 6 5 2 57 161 
a ae 16 44 
oe, Meh eRe 4 42 


Table il. Distribution of IgM chlamydial antibody titers in 206 women with acute salpingitis 






No. of 
Grade of salpingitis | patients ee ee 
Mild 74 65 4 3 I 
Moderate 78 61 8 l 3 
Severe 54 46 1 l L 
Totals 206 172 13 5 5 


and the criteria for a laparoscopic diagnosis of AS have 
been described in detail elsewhere.® The inflammatory 
changes of the fallopian tubes, as seen at laparoscopy, 
were graded as mild (reddened serosa on the tubes, 
edema of the tubal wall, and purulent discharge from 
the abdominal orifice), moderate (more advanced 
inflammatory changes confined to the tubes, such as 
tubal swelling, closure of the abdominal orifices, and 
fibrin deposits on the serosal surfaces of the tubes), or 


_ severe (pelvic peritonitis or abscess formation). 


Fifty women with a lower genital tract infection 
(LGTI) were used as controls. These women were ad- 
mitted because of symptoms of AS but laparoscopic 
evidence of this disease was lacking. Sera from 50 non- 
selected women who had recently given birth were as- 
sayed for chlamydial antibodies also (controls). 

Collection of specimens. Serum samples were col- 
lected on the day of admission from the 206 women 
with AS and the 50 women with LGTI. From 80 of the 
206 AS patients an additional serum sample was drawn 
4 to 21 days later. Sera from the 50 control women 
were taken just after delivery of their babies. The 
serum samples were frozen at ~20° C until assay. 

_ Specimens for culture of C. trachomatis were obtained 
by rotating a sterile, cotton-tipped swab in the cervical 
canal and transporting itto the laboratory in sucrose- 
phosphate buffer containing gentamicin, vancomycin, 
and amphotericin B. Specimens not cultured within 48 
hours were frozen at —20° C until assay (within | 


Reciprecal IgM antibody titers l 










Patients 
with =>1:8 (%) 


GMT (patients 
with 21:8) 





— — — 12 15 
2 — l 22 24 
4 l = 15 64 
6 ] l 17 27 


Table III. Results of cervical cultures for Chlamydia 
trachomatis and determination of serum chlamydial 
antibodies from 156 patients with acute salpingitis 





Serologically 
positive* 







Grade of 





salpingitis 

Mild 20 34 23 40 
Moderate 56 19 34 35 63 
Severe 42 13 31 29 69 
Totals 156 52 33 87 56 


*Serologically positive = serum chlamydial IgG = 1:64 
and/or IgM = 1:8 


week). Valid samples were obtained from 156 of the 
patients with AS. From all 206 AS patients, specimens 
for culture of Neisseria gonorrhoeae were obtained from 
the cervical canal, the urethral orifice, and the rec- 
tum, with a cotton-tipped swab treated with charcoal. 
Transport was in a modified Stuarts medium. 

Isolation and serologic procedures. We isolated C. 
trachomatis on cycloheximide-treated McCoy cells.’ 
N. gonorrhoeae was isolated on a modified McLeod 
medium and identified with sugar fermentation tests. 
IgG and IgM antibodies to C. trachomatis were deter- 
mined using a modified microimmunofluorescence 
test.’ 

Statistical analysis. Statistical methods used were the 
chi-square test for testing frequencies and the analysis 


962 Ripa et al. EB 


December 1, 1980 
Am. J. Obstet. Gynecol, 


Table IV. Correlation of results of cervical cultures for Chlamydia trachomatis with a titer of serum IgG 
chlamydial antibody =1:64 (seropositive) in 156 women with acute salpingitis 





Grade of 
salpingites 









No. of = 





Mild 58 23 40 — 14 
Moderate 56 16 29 — 5 
Severe _42 13 OL — 1 
Totals 156 52 33 =e 20 


Culture-neg. /seroneg Culture-pos./seroneg. Culture-pos. /seropes. 





Culture-neg. /seropos. 





GMT 


ee 6 10 102 15 26 147 
= 14 25 100 2] 38 345 
— 12 29 362 16 38 558 
= 32 21 162 52 33 313 


*Geometric mean titer of serum IgG chlamydial antibody =1:64. 


Table V. Presence of chlamydial antibody (IgG. 
and IgM) in paired sera from 80 patients with 


acute salpingitis l 
No. of 
‘ patients | % 


Seroconversion or = fourfold increase in 28* 35 
IgG titer 

IgM = 1:8, IgG stable 9 1] 

IgG = 1:64 (stable), no detectable IgM 24 30 

IgG <1:64 (stable), no detectable IgM 19 24 


*IgM = 1:8 in eight of these patients. 


of variance (one- and two-way analysis of variance). In 
cases where significant differences were found, the 
multiple test according to Duncan was used, 


Results 


Fifty-seven percent (118 of 206) of the patients with 
AS had chlamydial IgG antibody levels of =1:64 
(Table I). The geometric mean titer (GMT) of antibody 
in the sera from patients with an IgG titer of =1:64 
was 1:161. There was a statistically significant differ- 
ence (p < 0.0001) between the grade cf salpingitis and 
the GMT. Significantly more or the patients with 


moderate or severe vs. mild AS had IgG antibody | 


levels = 1:64 (p = 0.0004). For comparison, the results 
of IgG determinations in serum from 50 patients with 
LGTI and 50 control patients also are listed in Table I. 
The differences in frequency of occurrence of patients 
with IgG titer 21:64 were highly significant (p < 
0.0001) as was the difference in GMT between AS pa- 
tients vs. the LGT] patients and controls (p = 0.0001). 

IgM antibodies to C. trachomatis could be detected 
only in serum from 17% (34 of 206) of the women with 
AS (Table II). The difference in GMT between the 
groups was statistically significant (p = 0.04). 

Results of antibody determinaticn and culture from 
the 156 AS patients from whom cervical cultures for C. 
trachomatis were taken are shown in Table III. Of these 
patients, 56% had a titer of IgM antibody of =1:8 


and/or IgG antibody of 21:64, while 33% were 
culture-positive. There were no differences in isolation 
results between patients with various inflammatory 
grades of AS, whereas those with moderate and severe 
AS were seropositive significantly more often than the 
patients with mild AS (p = 0.002). 

The relationship between cervical cultures for C. 
trachomatis and antibody determinations, as seen in 
Table ILI, can be elucidated further by dividing the 
patients into four groups (Table IV). Seropositivity ts 
defined as a titer of chlamydial IgG antibody of J :64. 
Thirty-three percent of the patients had no laboratory 
evidence of a chlamydial infection, i.e., they were cul- 
ture- and seronegative. Thirteen percent of all the pa- 
tients had a positive .cervical culture but were 
seronegative; most of these belonged to the group with 
mild AS. Twenty-one percent of the patients were both 
culture- and seropositive. Finally, 33% were culture- 
negative but seropositive. The GMT of antibody in this 
last group of patients was significantly higher than the 
GMT of the culture-positive group (p = 0.004). 

The results of antibody determinations on sera from 
80 patients with AS from whom paired sera were ob- 
tained are shown in Table V. A total of 46% had 
serologic evidence of an active chlamydial infection; 


. that is, a seroconversion or fourfold rise in IgG titer 


occurred or else IgM was demonstrable in a titer of 
21:8. IgM antibody in a titer of 1:8 was demonstrable 
ina total of 21% (17 of 80) of the patients. Twenty-four 
of the 80 (30%) had a titer of IgG antibody of = 1:64 in 
their sera, yet no demonstrable titer change or IgM. 

N. gonorrhoeae was isolated from 19% (39 of 206) of 
the AS patients (mild group, 15%; moderate group, 
21%; severe group, 22%). There was no correlation 
between antibody titers to C. trachomatis and culture 
results for gonococci. 


Discussion 
Acute salpingitis usually is divided into two cate- 
gories—gonococcal and nongonococcal. This classifi- 
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cation is not based on the finding of gonococci in the 
fallopian tubes but on the isolation of N. gonorrhceae 
from the cervix, whereas other microbes, without con- 
comitant gonococci, have been found in cul-de-sac fluid 
from patients with endocervical gonorrhea, few pa- 
tients have evidence of gonococcal infection without a 
simultaneous positive culture from.the cervix.® 

The frequency of cervical C. trachomatis infection and 
gonorrhea in AS patients is a function of the preva- 
lence of these microbes in the population. In the study 
area in southern Sweden, 19% of the patients with AS 
were found to have cervical gonorrhea during the 
study period (1973-78). C. trachomatis was isolated from 
the cervix in 33% of the patients. 

Fifty-seven percent of the AS patients had an IgG 
titer of chlamydial antibodies of =1:64, a titer earlier 
suggested as being indicative of an active or recent 
chlamydial infection.” However, it is not suggested that 
this antibody level is a suitable titer limit capable of use 
for diagnosis in the individual case. In a previous re- 
port we found that 64% of 143 AS patients had IgG 
antibodies to C. trachomatis at this level, a figure agree- 
ing fairly closely with the 56% found by Paavonen and 
associates? and the 59% found by Simmons and col- 
leagues.'! Paavonen and his group reported 26% cf the 


patients in the former study to be isolation -positive for 


chlamydiae. 

In our study and in that of Paavonen and co-workers 
AS patients who had serum IgG antibody to C. 
trachomatis in a titer of =1:64 numbered twice those 
who were isolation-positive. This discrepancy could be 
due to a lack of sensitivity in culture techniques used, 
or perhaps the antibodies found could be trace rem- 
nants of previous chlamydial infections. 

The 156 patients with AS from whom valid cultures 
were taken could be separated into four groups accord- 
ing to the culture and serum results using the afore- 
mentioned IgG titer to indicate seropositivity. One 
third of these patients were culture-negative vet 
seropositive and had the highest geometric mean titers, 
the difference between the culture- and seropositive 
groups being significant (p = 0.0004) (Table IV}. 

Thirty-seven of 80 patients (46%) from whom paired 
sera were available had serologic signs of active infec- 
tion, 1.€., seroconversion, fourfold or greater increase 
in IgG titer, and/or presence of IgM to chlam-ydiae. 
From these 80 patients, cultures were taken only 
sporadically. In paired sera, Eschenbach and co- 
authors” found a fourfold or greater rise in IgG titer 
in 15 of 74 (20%) AS patients; only five of these 15 were 
culture-positive for chlamydiae. Paavonen and col- 
leagues’? found a corresponding titer rise in 19 of 
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72 (26%), 19 of whom were culture-positive. Thus 
serologic evidence of an active chlamydial infection in 
patients with negative cultures is not uncommon 
among AS patients, even if one takes into consideration 
the possibility that some patients might have received 
antibiotic treatment before sampling. 

Apart from a group of patients with classical lym- 
phogranuloma venereum and infants with chlamydial 
pneumonia, patients with AS have the highest levels of 
antibody found in any group of patients with con- 
firmed C. trachomatis infection. Antibodies to chla- 
mydiae also can be detected in cervical secretions in 
women with chlamydial genital infection.’ Specific an- 
tibody can neutralize the infection of cell monolayers 
by C. trachematis.4 Thus a negative cervical culture 
seems possible in spite of genital chlamydial infection. 

‘In experimental AS in grivet monkeys we found 
chlamydial infection of the tubes to result in an 
infiltration, mainly with lymphocytes, in the mucosa (a 
reaction involving the subepithelial tissues) and partial 
destruction of the epithelium. '* We have made a his- 
tologic examination of the tubes of two women with 
chlamydial AS.'° In both cases the tubal inflammation 
was intense, with findings similar to those in the ex- 
perimental infection of the monkeys. When infecting 
human and bovine oviduct organ cultures with Chla- 
mydia psittaci. or C. trachomatis, Hutchinson and co- 
workers’? found no evidence of extensive epithelial cell 
damage and no loss of ciliary activity, as compared with 
uninoculated cultures. The reason for this finding 
could be that only a one-cycle infection was induced 
and/or that the infection ratio of tubal epithelial cells 
was low. However, the authors conclude that the 
changes noted in chlamydial AS represent an immu- 
nologic response by the host to chlamydia infection. 
Corresponding studies on infection of tubal organ cul- 
tures with gonococci have shown destruction of tubal 
mucosa.!® Hanna and co-workers!® found that cell- 
mediated immunity was associated significantly with 
the presence of antibody in chlamydial infection in 
man. The findings of a significantly higher GMT of 
IgG chlamydial antibody in patients with more severe 
disease might be in accordance with the hypothesis that 
the tubal destruction in chlamydial AS is a result of 
immunopathology. In trachoma an active immune re- 
sponse at times has been found to produce more severe 
disease.”° 

The mast severe sequela to AS is postinfection infer- 
tility, a result of tubal occlusion.” The only prevention 
available at present is to hinder the infection from 
reaching the upper genital tract. C. trachomatis is one of 
the major etiologic agents of nongonococcal sexually 
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transmitted disease; 
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in addition, C. trachomatis infec- 


tion is in many countries even more : common than gon- 
orrhea. Moreover, the fertility prognosis after non- 
gonococcal AS is worse than that after gonococcal AS.” 
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Ep:demiologic measures instituted against chlamydial 
LGTI in men and women should be just as extensive as 
those against gonorrhea. 
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Gonococcal infection is the most common disease in both male and female patients seen at the 
Sexually Transmitted Disease Clinic at the University Teaching Hospital in Lusaka, the capital city of 
Zambia. In this study, 100 women admitted to the gynecology wards for management of pelvic 
inflammatory disease were screened for gonococcal infection using an endocervical culture on 
modified Thayer-Martin medium. Forty-six of these women had gonococzal infection, including 65% 
of those women with PID-of less than 2 weeks’ duration. Because gonorrhea is so common among 
women with PID, “standard” antibiotic regimens must be reevaluated. We recommend for countries 
with a high incidence of gonorrhea that initial treatment of PID should include an antibiotic regimen 
effective for gonococcal infection. (AM. J. OBSTET. GYNECOL. 138:965, 1980.) 


In AFRICAN countries where statistics are available’? 
gonococcal infection has been common and Zambia is 
no exception. Among men and women attending the 
Sexually Transmitted Disease (STD) Clinic at the Uni- 
versity Teaching Hospital, Lusaka, gonorrhea was the 
most common STD in men and women, with a preva- 
lence of 27% and 18.8%, respectively.4 Among symp- 
tomatic pregnant women seen in the STD Clinic 
gonorrhea was identified in 22.9%, and in asymptom- 
atic pregnant women attending University Teaching 
Hospital antenatal clinics, gonorrhea was identified in 
11.2% (Table I, unpublished data). 

The serious complication, pelvic inflammatory dis- 
ease, occurs in 10% to 17% of women who harbor 
gonococcal infection.’ Since the incidence of gonorrhea 
is high in many developing countries of Africa, PID isa 
common problem in these countries. In addition, in- 
adequate measures to find and treat women in the early 
stages of infection probably result in an even higher 
proportion of infected women who develop PID. 

The purpose of this study was to assess the rate of 
gonococcal infection in PID patients admitted to the 
gynecology wards at University Teaching Hospital and 


From the Departments of Medicine and Obstetrics and 
Gynaecology, University Teaching Hospital, Lusake, 
Zambia. 


Reprint requests: Dr. A, V. Ratnam, Department of 
Dermatology, University Teaching Hospital, Private Bag 
RW1, Lusaka, Zambia. 


to highlight certain management problems and epi- 
demiologic features of such cases. 


Materials and methods 


From a large number of patients admitted to the 
gynecology wards at University Teaching Hospital for 
treatment of PID during a period of 6 months, 100 
were selected for study after excluding women who 
were pregnant, had delivered or aborted recently, or 
had undergone gynecologic surgery. In the last cate- 
gory exception was made for three patients who had 
previously undergone an operation for ectopic preg- 
nancy. Patients also were excluded if they had received 
antibiotics for the current illness. 

All patients were examined in the STD Clinic where 
the clinical diagnosis of PID was confirmed by findings 
of abdominal pain and definite pelvic tenderness dur- 
ing bimanual examination. Detailed histories were ob- 
tained before a complete genital examination was 
made. Vagina! discharge was suspended in saline and 
examined for motile Trichomonas vaginalis and elements 
of Candida albicans. After cleaning the ectocervix, ma- 
terial was obtained from the endocervix with a plati- 
num loop. Gram-stained smears were prepared and 
examined for gonococci. Endocervical material was 
plated directly onto modified Thayer-Martin medium? 
and incubated immediately in candle jars at 36° C. 
The cultures were examined after 24 and 48 hours’ 
incubation. Typical oxidase-reactive colonies contain- 
ing gram-negative diplococci were presumptively iden- 
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Table I. Gonorrhea screening in women attending 
University Teaching Hospital (UTH), Lusaka 
















No. Yo With 
screened gonorrhea 
Patient group for gonorrhea | on culture 





STD Clinic 1,000 18.8 

Pregnant women referred to 170* 22.9 
STD Clinic for symptoms | 

Routine UTH antenatal 161* LZ 
attendees 





*Unpublished data. 


Table IX. Results of laboratory tests performed on 
100 patients hospitalized for PID at University 
Teaching Hospital, Lusaka 


% Patients 


Laboratory tests with a positive test 


Wet smears of vaginal material for: 


Trichomonads 27.0 

Candida 3.0 
Gram-stained endocervical smear for 

gonococcl 28.0 
Culture for N. gonorrhoeae 46.0 
Leukocyte count >8,000/mm® 70.0 
ESR >30 mm/hr 74.0 
Syphilis serology 

VDRL shide test 13.0 

TPHA 12.0 


tified as Neisseria gonorrhoeae. Blood samples were 
collected for leukocyte counts, erythrocyte and sedi- 
mentation rates (ESRs), and the serologic tests for syph- 
ilis—-VDRL* slide test and TPHA? test. Leuko- 
cytecounts and ESRs were done in the routine hospital 
laboratory while all other tests were performed in the 
STD Clinic laboratory. 


Resuits 


During the 6 month study period 812 patients with 
PID were admitted to gynecology wards of University 
Teaching Hospital (26.5% of all admissions). Post- 
abortion, postpartum, and postsurgical infections ac- 
counted for 240 cases. Our study group of 100 patients 
were part of the remaining 572 cases (18.6% of- gyne- 
cology ward admissions). 

Patient ages ranged from 15 to 43 years with 65% 
between 20 and 30 years of age. Thirty-eight patients 
were unmarried; 27 of these were already mothers. 
Only eight nulliparous women were included in the 
study group. Multiple sexual partners were noted by 39 
patients, including all but two of the unmarried wo- 


*Venereal Disease Research Laboratories. 
tTreponema pallidum hemagglutination antibody. 
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men. Eleven patients were using contraceptive pills, 
and an intrauterine device (IUD) was in place in eight 
patients. 

Fifty-eight patients had previously had PID, 11 haa 
been secondarily infertile for more than 2 years, and 
three patients had had ectopic pregnancies. 

Trichomonads were seen in 27 patients and yeast was 
identified in three cases (Table II). 

Gonococci were identified in smears from 28 patients 
and cultures were positive in 46 cases. Leukocyte count 
was more than 8,000/mm® in 70 and ESR exceeded 
30 mm in 74. VDRL was reactive in 13 cases, andin 12 
the TPHA was also positive. 

Many differences were noted between the women 
with gonococcal PID and those with nongonococcal 
PID (Table HI). Women with gonococcal PID were 
younger and hac more severe disease of more recent 
onset. Patients with nongonococcal PID were more 
likely to have had two or more prior episodes of PID. 
We found no difference in marital status, the number 
with multiple sexual partners, or relationship of symp- 
tom to onset to menstruation. 


Discussion 


Forty-six percent of these patients with PID had 
gonococcal infection, This finding is consistent with the 
high prevalence of gonorrhea among STD Clinic pa- 
tients and pregnant women in our hospital (Table J). 
Only 46 women were evaluated within 2 weeks of 
symptom onset. Among the women with acute PID, 30 
of 46 (65%) had gonococcal infection. 

Since the sensitivity of a single endocervical culture 
on a selective medium is only about 80%, the actual 
incidence of gonorrhea among our patients is even 
higher than we observed. A previous study from this 
hospital of 50 PID cases revealed gonococcal infection 
in only 23.1%." However, this study included women 
with postabortion and postpartum PID and employed 
less than optimal culture techniques. 

Although others have observed that among women 
with PID IUDs are used more commonly than any 
other contraceptive method, we did not find this.® 8 
However, it is interesting to note that of eight patients 
with IUDs six had gonococcal infection. 

In about one third of women with gonococcal PID, 
symptoms began during menstruation, and in another 
third, they started within 5 days following the period. 
However, the onset symptoms among women with 
nongonococcal PID was not significantly different. , 

The number of patients with previous PID was not 
significantly different in the two groups, although 
women with gonococcal PID had relatively few previ- 
ous episodes. Anecdotal observations suggest that re- 
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Table ITI. Comparison of hospitalized women with gonococcal and nongonococcal PID seen at 


University Teaching Hospital, Lusaka 


í Gonococcal PID Nengenococcal PID 
(n = 46) in = 54) 


Age 
15-20 yr 13 
21-30 yr 28 
>30 yr 5 
Unmarried 
Multiple sexual partners 18 
Contraception used 
Pill 5 
IUD s) 
Symptom onset during or within 5 days of 
menstruation 
Previous PID 
None 28 
Once 10 
=Twice 8 
Clinical severity 
Mild to moderate 15 
Severe 31 
Duration of symptoms 
<2 wk 38 
=2 wk 8 
Cervical discharge appearance . 
Scanty and mucoid 13 
Purulent 33 
Leukocyte count > 10,000 32 
ESR >50 mm 31 


*Unmarried mothers, 
tNot significant. 
tOnset during menstruation. 


curring PID due to gonococcal infection is not uncom- 
mon in Lusaka. For example, one patient was treated 
successfully for acute gonococcal PID but returned 
with a similar episode within 3 months, when gonococci 
were again identified. 

Gonococcal PID caused more severe symptoms and 
led to more prompt hospitalization than nongonococ- 
cal PID. In addition, patients with gonococcal PID were 
more likely to have a purulent endocervical discharge 
and high leukocyte count and ESR. Despite these 
statistically significant differences, clinical findings of 
gonococcal PID are less distinctive when compared 
with the clinical findings of gonococcal urethritis in 
men. 

In a number of studies of PID in Africa® "° and else- 
where,” prevalence of gonococcal disease has ranged 
from 25% to 85%. While sample bias may account for 
certain differences, gonorrhea appears to be the most 
common causative agent of PID. Gonococcal infection 
also predisposes to recurrent PID by other organisms. 


17 (10*) 


31 (154) 


Statistical significance 


p < 0.05 
8 Yes 
37 Yes 
9 - Yes 
21 (17*) NSt 
21 NS 
5 NS 
2 Yes 
26 (13ł) NS 
30 NS 
8 NS 
16° Yes 
28 Yes 
26 Yes 
28 Yes 
26 Yes 
33 Yes 
21 Yes 
10 Yes 
16 Yes 


The frequency of occurrence of gonorrhea and the 
encrmous social and economic consequences of 
gorococcal PID demand urgent consideration. The 
need to prevent PID by employing effective diagnostic 
techniques and promptly administering adequate ther- 
ap} cannot be overemphasized. 

In Zambia, women with PID are not treated rou- 
tinely with methods that are effective for gonococcal 
PID. We believe the situation in many other developing 
countries is no better. Although an appropriate an- 
tibrotic may be used, the “standard dosages” often are 
inadequate to cure gonococcal infections. These regi- 
mens may alleviate the symptoms in some cases but will 
not cure the patient. In addition these inadequate dos- 
ages select for antibiotic-resistant gonococcal strains. 
Hence, in places with a high incidence of gonorrhea, 
such as Lusaka, we recommend that initial treatment 
of PID include an antibiotic regimen effective for 
gonococcal infection. 
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Among 100 outpatient women with symptoms and signs of pelvic inflammiatory disease and 200 
asymptomatic, postpartum women, the prevalence rates of Neisseria gonorrhoeae were 19% and 
9%, respectively. Of 46 women hospitalized for PID, 33% were cuiture-negative, 22% grew 
Enterobacteriaceae, 20% grew streptococci, 15% grew gonocccci, and 15% grew anaerobes from 
blood, pus, or abscesses. One third of 67 women hospitalized for puerperal sepsis (PPS) were 
culture- -negative; the bacteria isolated most frequently from the uterus, blood, urine, and pus were 
Enterobacteriaceae (36%), gonococci (28%), streptococci (25%), and anaerobes (4%). The low 
frequency of-isolation of anaerobes in women with PID and PF'S was due largely to limitations 
placed on the collection and processing of specimens for anaerobic bacteriology. (AM. J. OBSTET. 


GYNECOL. 138:969, 1980.) 


PELVIC INFLAMMATORY DISEASE and puerperal 
sepsis (PPS) are major causes of both outpatient and 
inpatient hospital morbidity and death in Ethiopia. A 
survey of hospital records of 1,329 women admitted to 
the gynecology wards of St. Pauls Hospital, Addis 
Ababa, between January, 1973, and May, 1975, re- 
vealed that 397 (29.7%) had PID and another 132 
(9.9%) had PPS. Twelve of these 529 patients died of 
their infections, and the remainder were hospitalized 
for an average of 12.4 days. A similar pattern of illness 
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was seen in the hospital’s outpatient clinics. Among 
1,158 randomly selected women.attending the outpa- 
tient gynecology clinic, 450 (39%) complained of lower 
at-dominal or pelvic pain, 415 (36%) of menstrual! ir- 
regularity, and 150 (13%) of infertility. On pelvic 
examination, 496 (36%) had thickened fallopian tubes 
or masses Consistent with acute or chronic PID.* Lack 
of obstetric services arid hence delivery at home fre- 
quently resulted in women presenting on an emer- 
gency basis with a diagnosis of obstructed labor, intra- 
uterine infection, ruptured uterus, or fistula forma- 
tion, causing gross pelvic sepsis and peritonitis. 

The economic and social consequences of PID and 
PS are severe, Many of these patients require opera- 
tion and ptolonged hospitalization. Infertility often 
leads to divorce and maternal death often orphans 
children. Because of the. known association between 
PID and Neisseria gonorrhoeae, we conducted a study to 
determine the prevalence of this organism in women 
a'tending an outpatient gyriecology clinic who had 
symptoms and signs of PID. We also determined the 
prevalence of asymptomatic gonorrhea in women who 
were delivered of infants in the hospital. Finally, we 


*Duncan, M. E.: Unpublished data. 
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Table I. Isolation of bacteria in patients with 
PID and PPS 


PID PPS 


No. of patients 46 67 
Culture positive 31 (67.2%) 45 (67.2%) 
One site . 20 24 > 
Multiple sites I] 21 
Same organism at multiple sites 8 15 
Different organisms 
One site 4 4 
Multiple sites 3 6 





made a more detailed study of the bacterial etiology of 
disease in hospitalized PID and PPS patients to deter- 
mine which of the available antibictics were likely to be 
the most effective in treating these conditions. 


Materials and methods 


Patient population. Gonorrhea prevalence studies 
were conducted on 100 consecutive women with PID 
attending the outpatient gynecology clinic at St. Paul's 
Hospital and on 200 consecutive asymptomatic, post- 
partum women. More detailed bacteriologic cultures 
were obtained from 46 women hospitalized for severe 
PID and 67 women requiring continued hospitalization 
for treatment of PPS. The diagnosis of PID was made 
in patients complaining of lower abcominal pain, fever, 
infertility, or abnormal vaginal bleeding who had pelvic 
or adnexal tenderness and masses suggestive of abscess 
formation. A diagnosis of PPS was made when a patient 
had a sustained oral temperature of 38° C or greater 
for more than 48 hours after delivery and if obvious 
extragenital causes of infection could be excluded. 

Bacteriologic techniques. Specimens for N. gonor- 
rhoeae were obtained from the endocervix and anal 
canal by use of cotton-tipped swabs and from the ure- 
thra by use of calcium alginate swabs (Calgiswabs, In- 
olex, Glenwood, Illinois). In PPS patients, the cervical 
os was cleaned first, and a sterile cotton swab inserted 
into the uterus. Swabs were transported in Stuart's me- 
dium,' inoculated on Thayer-Martin,? blood agar, and 
MacConkey’s media, and incubated in 5% CO, at 36° C. 
N. gonorrhoeae were identified by colony morphology, 
oxidase reaction, Gram stain, and the oxidation of glu- 
cose, but not maltose or lactose.? Aerobic bacteria cul- 
tured from the uterus were reported as the organism(s) 
predominant in the culture. 

Blood cultures (Columbia Broth, BBL BioQuest, 
Cockeysville, Maryland) were obtained before starting 
antibiotic treatment in patients admitted with PID or 
PPS. Peritoneal fluid, pus, and pathologic tissue ob- 
tained at operation or by culdocentesis were collected 
in glass syringes or by sterile cotton-tipped applica- 
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tor sticks and immediately cultured for aerobes on 
Thayer-Martin and MacConkey’s media, and for an- 
aerobes on prereduced anaerobe blood agar (BBL) 
containing kanamycin (100 ug/ml) and vancomycifi 
(7.5 ug/ml) as well as on thioglycolate medium supple- 
mented with 10% normal rabbit serum. Anaerobic cul- 
tures were placed in a jar (GasPak, BBL BioQuest) and 
incubated at 37° C for a minimum of 7 days. Aerobic 
and anaerobic isolates were identified by standard 
techriques using morphologic, culture, and biochem- 
ical properties.” * Smears of pus and peritoneal fluid 
also were placed on glass microscope slides, Gram 
stained, and examined for bacteria. Selected aerobic 
and anaerobic isolates were tested in vitro by the 
Kirby-Bauer method? for their susceptibility to 10 dif- 
ferent antibiotics. After admission cultures were col- 
lected, most patients were treated with penicillin in 
combination with either chloramphenicol or strepto- 
mycin.® 


Results 


Prevalence of N. gonorrhoeae. Of the 100 ainen 
with symptoms and signs of PID, 19% had positive 
genital tract cultures for N. gonorrhoeae, The prevalence 
of N. gonorrhoeae was 9% in 200 asymptomatic, 
postpartum women. 

Puerperal sepsis. The 67 women with puerperal 
sepsis ranged in age from 15 to 28 years (mean, 23.7). 
In orly 45 (67.2%) were one or more bacterial patho- 
gens isolated from either blood, the endocervix, uterus, 
or abscesses (Tables I and II). The organisms isolated 
most frequently were Enterobacteriaceae (36%), N. gonor- 
rhoeae (28%), Streptococcus species (25%), and anaerobes 
(4%). 

Ten patients had received antibiotics within 72 hours 
of delivery, but only two were among the culture-- 
negative group (Table ID). The type of antibiotic(s} 
given to these patients. was generally unknown, but N. 
gonorrhoeae was not recovered and group A f-hemolytic 
streptococci were found significantly less often than 
in other patients. In three patients different organ- 
isms were isolated from different culture sites, and 
four other patierts had polymicrobial endometritis 
(Table 1). 

Complicating illness in patients with PPS included 
nine with peritonitis; one admitted with obstructed 
labor and ruptured uterus died of E. colt septicemia 1 


' day after laparotomy (Table IV). Another patient had 


fatal uterine gas gangrene after a late second-trimester 
abortion. Three patients developed pelvic abscesses 
after delivery. 

Of 19 PPS patients infected with N. gonorrhoeae, two 
were delivered of stillborn infants. Three of the 17 
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Table II. Bacteria isolated from 45 women with PPS 









No. culture- 
Bacteria positive patients 
Enterobacteriaceae 
E. colt i6 
Klebsiella species 3 
Proteus species 3 
Enterobacter 2 
N. gonorrhoeae 19 
Streptococci, 
S. viridans 
B-Hemolytic A 
B-Hemolytic, 
other 
S, pneumonia 
Enterococcus 
Bacteroides species 
Moraxella species 
Miscellaneous 
Totals 34 
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Culture site 


Pathologic Pus or E 
Uterus tissue Blood abscess Unne Other* Total 


- J 4 4 16 
i i l 3 

I i 3 

2 

17 36 

2 l 2 7 
l 2 1 I} 
l 2 
l l 3 
l 

2 3 
1 — 3 á 
9 ł! 14 17 93 





*Rectal and urethral cultures for N. gonorrhoeae. 


live-born infants had positive gonococcal conjur.ctival 
cultures. These three infants and all others born of 
PPS mothers with gonococcal infection were treated 
with benzylpenicillin (100,000 U/kg}; none developed 
gonococcal ophthalmia. 

PID. Forty-six patients ranging in age from 19 to 48 
(mean, 25.8) years were hospitalized for PID. In only 
31 (67.3%) were one or more bacterial pathogens iso- 
lated from cultures of the endocervix, peritoneal fluid, 
or blood (Tables I and V). Entercbacteriaceae (22%), 
Streptococcus species (20%), N. gonorrhoeae (15%), and 
anaerobes (15%) were the most commonly isolated 
pathogens. In four patients two organisms were iso- 
lated from abscesses: two cases of E. coli and Bacteroides 
species; one case of Proteus species with S. aureus; and one 
of Proteus species and S. viridans. 

Eleven patients had received some form of antibiotic 
treatment within 72 hours of admission but only one of 
these patients was culture-negative at all sites. No 
gonococci were isolated from ‘patients who hed re- 
ceived antibiotics before culture (Table III). 

Twenty-nine of the 46 PID patients (63%) had com- 
plicating conditions (Table IV). Forty-one (90%) had 
chronic infections with abscess formation; periconitis 
was present in nine (20%). Unusual causes of pelvic 
abscesses included two patients with ovarian cysts In- 
fected by S. typhi; neither patient had a clinical history 
of typhoid fever. Three patients had tuberculous 
fubo-ovarian abscesses; one of these also had pulmo- 
nary tuberculosis. One patient died of a massive pul- 
monary embolus after laparotomy and another died of 
first-trimester postabortion uterine gas gangrene. - 


Table III. Bacteria isolated from 21 patients with 
pelvic infection given antibiotics before culture 


PID PPS 
No. of patients ll 10 
No. culture-positive 10 8 
Bacteria isolated 
N. gonorrhoeae 0 0 
S. viridans I 2 
Streptococci, group A L. i 
Streptococci, other 0 3 
E. cout 2 l 
S. typhi l 0 
Moraxella species I 0 
S. aureus 2 0 
Bacteriodes species 2 l 
Clostridia species l 0 


Antimicrobial sensitivity testing. Antimicrobial sen- 
sitivity tests were done on all isolates except N. gonor- 
rhoeaé, 5. pyogenes, and S. pneumonia. The tested or- 
ganisms from both PID and PPS patients were most 
sensitive te chloramphenicol, clindamycin, cephalothin, 
ampicillin, gentamicin, and tetracycline (Table VI). 


Discussion 


N. gonorshoeae has been isolated from about one third 
to one half of patients with acute PID, with the highest 
recovery rate during the initial episode and a lower 
recovery rate with recurrences.” ê N. gonorrhoeae prob- 
ably is the primary cause of genital sepsis in Ethiopia, 
despite its low recovery rate (15% to 19%) in our PID 
patients. During their present illness 40% of our out- 
patients and 24% of our inpatients with PID gave a 
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Table IV. Complicating conditions i in 113 women with pelvic infection admitted for study at St. Paul's Hospital, 
Addis Ababa, Ethiopia 


; No. No, 
Primary diagnosis cases | complications 


Description e 


Puerperal sepsis or endometritis 67 22- Peritonitis* (9); pelvic abscess (2); pneumonia (3); infectious 
i hepatitis (2); Bartholin abscess (2); single cases of pulmonary 
and peiie tuberculosis, infected episiotomy, and gas gan- 
rene 
Acute salpingitis 5 2 Tap syphilis (2) 
Pelvic abscess 4] 27 Peritonitis (9); pelvic (3) and/or pulmonary tuberculosis; ovar- 
-~ jan cyst (6); abortion* (4); uterine fibroids (2); genital ulcers 
eee DO (25; pulmonary embolus* (1) ` l 
Total 1 53 





*One case fatality. 


Table V. Bacteria isolated from 3] women with PID 










No. culture- 
positive patients 


N. gonorrhoeae 7 
Enterobacteriaceae 
E. coli 5 
Proteus species ` 2 
Enterobacter species l 
S. typhi i 2 

Streptococci 
S. viridans 
B-Hemolytic, non—group A 
S. pneumonia 

Moraxella species 

S. aureus 

Anaerobes 
Bacteriodes species 
Clostridia species 
Pepiostreptococcus 

M. tuberculosis 

Miscellaneous 


N5 me GO Or 


de DI me KO da 


Totals _ l ` G 


*Urine and urethral or rectal culture for N. gonorrhoeae. 


history of self-medication or prior antibiotic treatment. 
Prior antibiotic therapy influences the type of bacteria 
isolated, especially N. gonorrhoeae. By eliminating those 
patients who received antibiotics, the frequency of iso- 
lation of N. gonorrhoeae would i increase to 20% to 32% 
in our PID patients. Eliminating patients who received 
antibiotics would likewise increase the recovery rate of 
gonococci from 28% to 33% in PPS patients. Our 
gonococcal recovery rate was greater than the 4% cb- 
served by Brown and Cruickshank’ among a compa- 
rable group of women with PID in Rhodesia, but lower 
than the’ 43% recovery rate at Kenyatta National Hos- 
pital in Nairobi, Kenya.!® 

Of great concern was the frequent isolation of N. 
gonorrhoeae both from asymptomatic parturient women 
and from those with puerperal sepsis. The former went 
untreated, since they were discharged the day after de- 


Pus or Pathologic 
Endocervix abscess Blood lissue Other* 





Culture site 


12 
4 l 7 12 
2 5 7 

I l 
l l 2 
4 l l 6 
2 I 3 
l l 
l l ae 
l l i 2 
4 | 4 
l l 2 
l 2 
3 3 
me 2 = = 5. 
5 5 18 63 


livery, before the results of culture were known. These 
patients were almost impossible to locate and thus re- 
ceived treatment for gonorrhea only if they developed 
puerperal sepsis or if their infants developed ophthal- 
mia neonatorum, prompting hospital attendance. 

The etiologic significance of bacteria isolated from 
sites cther than blood or abscesses was uncertain, par- 
ticularly in PPS patients. Culture specimens taken from 
the uteri of PPS patients contained varying numbers of 
different aerobic bacteria, and the bacteriologist made 
an arbitrary decision about which, if any, of the bac- 
teria isolated were zo be reported. Moreover, anaerobic 
cultures were not done routinely in PPS patients, 
although anaerobes are the predominant bacteria pres- 
ent ir the uterus in the immediate postpartum peri- 

od.'! The majority of our PPS patients had a pclymi- 
crobizl endometritis, which was initiated by retained 
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Table VI. Antimicrobial sensitivity of bacteria causing PIP or PPS at S:, Paul’s Hospital 





% Isolates 
Total isolates i 
Penicillin 55.8 18.6 25.6 
Streptomycin 58 29.5 12.0 58.7 
Chloramphenicol 59 81.4 1.6 17.0 
Clindamycin 32 81.3 3.1 15.6 
Tetracycline 60 68.3 3.9 28.4 
Cephalothin 59 88.1 3.4 8.5 
Ampicillin 55 78.2 5.5 16.3 
Kanamycin ; 59 52.5 E 42.4 
Gentamicin 58 70.7 3.4 25.9 
Sulfa 41 56.1 — 43.9 


placental tissue or blood clots. Most of these women 
were delivered of their infants at home, attended only 
by traditional midwives, and could not be given oxytocic 
drugs to prevent postpartum uterine hemorrhage or 
retention of blood clots and placental tissue. 

The frequency of isolation of anaerobic bacteria 
from abscesses in PID and PPS patients was low and 
does not accurately reflect the presence of these or- 
gahisms In peritoneal fluid or pus. For example, about 
half the abscess material was fetid at operation and 
often contained gram-negative rods by Gram stain, but 
was culture-negative for both anaerobic and aerobic 
bacteria. This phenomenon probably was due to im- 
proper collecting and processing of anaerobic speci- 


mens or to the bactericidal effects of antibiotics admin- 
istered before specimen collections. We were reluctant 
to perform surgery on any patient without prior an- 
tibiotic treatment because of the risks and sequelae of 
bacteremia during and after an operation. 

Further definition of the etiology of PID will require 
laparoscopic techniques for collecting specimens and 
sophisticated bacteriologic techniques for processing 
them. Laparoscopy for Ethiopian women with PID, 
however, may be complicated by a high incidence of 
intraabdominal adhesions from prior peritonitis. In 
Addis Ababa, this procedure carries the additional 
possible risk of carbon dioxide narcosis since the geo- 
graphic elevation is 8,200 feet. 
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Genital tuberculosis in women 


Analysis of 187 newly diagnosed cases from 47 Swedish 


hospitals during the ten-year period 1968 to 1977 


VIKING FALK, M.D. 
KONRAD LUDVIKSSON, M.D. 
GORAN AGREN, M.D. 


Orebro, Sweden 


A retrospective analysis of symptomatology, diagnostic procedures, and treatment of all 155 new 
cases of genital tuberculosis at 47 Swedish gynecology departments in the period 1968-77 was 
performed. The frequency of genita! tuberculosis was 0.002% of a'l patients admitted for 
gynecologic disease. Genital tuberculosis occurred more frequently in the postmenopausal period. 
The most common symptoms were metorrhagia, pain, and infertility. Chemotherapy alone was used 
in 40% of the cases. Conservative surgery was attempted in 8%, and 38% had radical surgery. No 
intrauterine and four tubal pregnancies occurred after therapy. We conclude that primary treatment 
should be conservative, although the chances of having a normal pregnancy are aimcst nil and the 


risk of an ectopic pregnancy is great. (AM. J. OBSTET. GYNECOL. ~38:974, 1980.1 


A FEW DECADES AGO, genital tuberculosis in women 
was very common and, was considered as a possible 
diagnosis in every gynecologic investigation." * During 
the past decade, however, the disease has become in- 
creasingly rare and is now so uncommon that present- 
day gynecologists, at least in Sweden, hardly expect to 
find it. The literature has been sparse also and limited 
to reports on small series of cases.” In a review pub- 
lished in 1976, Schaefer® pointed out the importance of 
bearing the disease in mind at diagnosis, particularly 
since it occurs mainly in younger age groups. In this 
study, 80% to 90% of the patients were women of 
childbearing age. He also stated that involuntary 
childlessness and abdominal pain were the most com- 
mon reasons for patients seeking consultation. Abnor- 
mal vaginal bleeding, on the other hand, was relatively 
uncommon (about 20% of the cases). Among infertile 
women, Schaefer® found that between 5% and 10% of 
the cases of infertility were due to tuberculosis. For a 
long time, the general impression in Sweden was that 
the clinical picture had changed. We considered it of 
interest to analyze a large series of cases in order to 
evaluate the clinical situation. 
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Methods 


Since an individual hospital will admit only a few 
patients with genital tuberculosis, we conducted a ret- 
rospective survey of ali 57 departments of gynecology 
in Sweden. We asked them to provide us with complete 
photocopies of the case records for all patients with 
newly detected genital tuberculosis during the 10 year 
period, 1968 through 1977. Thus we obtained the best 
possible information on patient symptoms, diagnostic 
procedures, treatment, follow-up, and reasons for con- 
sultation. 

As a minimum criterion for diagnosis of genital tu- 
bercvlosis, we required the presence of typical tuber- 
culous granuloma in pathologic specimens. We did not 
require a positive bacteriologic diagnosis since most 
clinics did not require such before starting treatment. 


Results 


We received replies from 47 (82%) of the gynecology 
services, Altogether, 187 patients with a diagnosis of 
genital tuberculosis were treated in the 10 year period. 
Among the responding hospitals, 28 reported that a 
total of 573,216 women were hospitalized with gyneco- 
logic diseases. The incidence of genital tuberculosis in 
these patients was two cases per 10,000 gynecologic 
admissions (i.e., 113 cases). . 

The age distribution ts shown in Fig. 1. If the pa- 
tients are divided into two 5 year periods, 1968-72 and 
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Table I. Number of patients older and younger 
than 50 years of age at the onset of genital tuberculosis, 
1968-72 and 1973-77* 








1968-72 63 55 51 46 114 

1973-77 28 BB HCC B 

Total 9I 49 96 5] 187 
*p < 0.05. 


Table II. Site of the infection in 72 patients with 
previously diagnosed tuberculosis (TB) from a 
group of 187 women with genital TB, 1968-77 


Site of infection | No. of patients 


Lung 54 
Kidney 3 
Cervical lymph glands 3 
Peritoneum 5 
Intestine l 
Eye 2 
Bone 4 
Total 72 (38%) 


Table III. Presenting complaints or other reasons 
for consultation in 187 women with genital 


tuberculosis 

No symptoms (health control) 21 11.2 
Pain including dysmenorrhea 46 24.6 
Bleeding 77 41,2 
Infertility 24 12.8 
Other diseases _19 10.2 
Total 187 100.0 


1973-77, the number of cases decreases from 114 dur- 
ing the first period to 73 during the second. The dis- 
ease occurs more commonly after childbearing age; 
there is a shift toward greater age during the second 5 
year period. Forty-six percent of the patients were 50 
years of age or older during the first period, as com- 
pared to 62% during the second period. The ciffer- 
ence Is Statistically significant at the 5% level (Takle I). 
Genital tuberculosis is considered to be secondary 
to tuberculosis in other organs, usually the lungs. 
Thirty-eight percent of the patients had previously 
diagnosed tuberculosis (Table II). 
* Symptoms or other factors leading to the diagnosis 
are shown in Table III. The most common symptom 
was abnormal bleeding. Many patients (11.2%) were 
completely asymptomatic or were found to have the 
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Fig. 1. Age distribution of 187 women with diagnosed genital 
tuberculosis during the periods 1968-72 and 1973-77. 


disease in connection with investigations for other dis- 
orders. Table IV lists the other diagnoses found among 
the cases in our study. Among these, there were eight 
patients with carcinoma, three of whom had the un- 
common diagnosis of carcinoma tubi.) There were two 
patients with tubal pregnancies. In most of the patients, 
bimanual examination was normal. In 46 patients, 
however, palpable masses could be detected in the pel- 
vis minor. As already stated, five cases of cancer of the 
adnexa and two benign ovarian tumors were included 
in these patients. The remainder had inflammatory 
masses. Hysterosalpingography was done in 36 pa- 
tients, but tuberculous salpingitis was suspected in only 
six of these cases. ; 

In most patients the diagnosis was based on pa- 
thologic investigation of the endometrium (Table V). A 
bacteriologic diagnosis was obtained in only 55 cases 
(29%). In 50 cases a pathologic diagnosis was not ob- 
tained until after extirpation or resection of the fallo- 
pian tubes. In most of these cases, tuberculosis had not 
been suspected and was found unexpectedly at mi- 
croscopic examination of extirpated material. 

The predominant treatment for all patients was 
chemotherapy. In addition, 101 patients were sub- 
jected to surgery. In many cases (65.3%), the diagnosis 
was not established preoperatively and the patient un- 
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Table IV. Other coincident diseases in 187 patients 
with genital tuberculosis - 


Disease | Ne. of patients 


Fibromyoma 3 
Cystadenoma of ovary 
Carcinoma of ovary 
Carcinoma of tube 
Carcinoma of endometrium 
‘Tubal pregnancy 


NO O? © NO ND 





Table V. Diagnostic findings in 187* women with 
genital tuberculosis (TB) 


Findings | No. of patients 


Endometrial biopsy 


With TB granulomas — 130 
And with positive culture 44 
TB granulomas in tubes 50 
TB granulomas in cervix ' l 
Positive culture from menstrual blood, 11 


abscess, etc, 


*Total in table does not equal 187 owing to multiple find- 
ings in some of the patients. 


Table VI. Preoperative diagnosis in 101 patients 
with known or later proven genital tuberculosis 
(TB) 


Diagnosis | No. of patients 


Known TB, drug-treated 35 
Tumor l 24 
Adnexal mass l 16 
Infertility ' 8 
Tubal pregnancy 2 
Peritonitis 2 
Other diagnosis _14 
Total 101 


derwent operation for reasons other than known 
tuberculosis (Table VI). When tuberculosis was diag- 
nosed before operation, chemotherapy was adminis- 
tered preoperatively. When the diagnosis was estab- 
lished only after the operation, chemotherapy was 
instituted as soon as possible. 

Some patients (10.7%) were subjected to conservative 
surgery aimed at preserving tubal function (Table 
VII). For 15 patients the records are so vague that it is 
not possible to determine with certainty, what type of 
treatment the patients received. 


In this retrospective analysis of case records from. 


departments of gynecology, it proved difficult in cer- 
tain instances to determine the results of the treatment. 


Responsibility for treatment often was taken over by a 


chest physician, and the patients were not always fol- 
lowed up by a gynecologist. However, Table VIII lists 
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Table VII. Treatment of 187 women with genital 


tuberculosis* 
Treatmen: % 
No treatment 4 2.1 
Drug treatment only 67 35.8 
Drug treatment and radical surgery 53 24.6 
Drug treatment and bilateral 26 14.5 
salpirgectomy 
Drug treatment and conservative 22 10.7 
surgery 
Incomplete information 15 12.3 
Total 187 100.0 


*Druz treatment was started before operation if diagnosis 
was kncwn. In other cases drug treatment was started as soon 
as diagnosis of tuberculosis was established. 


Table VIII. End result after treatment of 139 
womer: with genital tuberculosis* 












Drug 
treatment combined with 


Hysterectomy 
and bilateral 






Drug 
treatment 





Conservative 





salpingectomy surgery 
Symptcmless 40 39 26 
‘Pain and/or bleeding 12 3 5 
Réeop. because of © — — 4 
sequelae 
Op. ileus = l 


Tubal pregnancy 

3 Tubal pregnancies 

Dead from intercur- 
rent Jisease 


|== | 
| 
| 


*Result in 48 women unknown. 


the results in 139 women whose case records contained 
sufficient information. One hundred and five (76%) of 
these patients became tree of symptoms. There were 
no intrauterine pregnancies, but we found four tubal 
pregnancies, three of them in the same patient. 


Discussion 

The picture has changed completely since 1950, 
when Jedberg' concluded that genital tuberculosis was 
diagnosed during childbearing age in 98% cf all 
women with this disease. Most cases are now diagnosed 


. after menopause. Consequently, patients with prob- 


lems of involuntary childlessness no longer predomi- 
nate. Instead, the most common symptoms are bleed- 
ing and pain. It sall is important to remember, how- 
ever, that tuberculosis may be the cause of infertility. 
Consideration of history of tuberculosis must not bé 
neglected. It is evidently very difficult for present-day 
radiologists and gynecologists to recognize the often 
typical radiologic picture of tuberculosis at hysterosal- 
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pingography. It is therefore important to include 
curettage and a chest x-ray when investigating patients 
for infertility even when tuberculosis is not suspected at 


ehysterosalpingography. Our analysis of case records 


showed that this often was neglected in the preopera- 
tive investigation. As a rule, however, reconstructive 
surgery is meaningless in patients with tubercular sal- 
pingitis. Furthermore, there is a risk of a latent infec- 
tion and subsequent relapse.’ If the pathologist sus- 
pects tuberculosis, repeated tuberculosis cultures from 
the endometrium and menstrual blood should be per- 
formed, preferably before treatment is started. It 
would seem reasonable, however, to start treatment be- 
fore the results of the cultures are available since other 
causes of the typical granuloma usually seen at the 
pathoanatomic investigation usually can be excluded.’ 

The primary treatment should be antibiotics. This 
mode of treatment is so effective nowadays that sur- 


‘gery should be carried out only on the following indi- 


cations: (1) persistent masses in the pelvis minor after 
antibiotic treatment—note that such masses may be 
neoplasms, (2) relapse after treatment, and (3) persis- 
tent pain after treatment. If surgery 1s performed, it 
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should be radical, preferably with both hysterectomy 
ahd bilateral salpingectomy. In premenopausal wom- 
en, however, the ovaries should be preserved unless 
they are involved in the infection. 

Jedberg! pointed out that pregnancy should be re- 
garded as a complication. This still applies. The only 
pregnancies in this study were tubal pregnancies. 
Therefore, the wish to preserve fertility should not be 
allowed to interfere with surgery. Although a few 
pregnancies in patients with minor lesions caused by 
genital tuberculosis have been reported, these patients, 
in principle, should be regarded as infertile.® A patient 
need not suffer three tubal pregnancies before under- 
going radical surgery. | 

Finally, these patients naturally should be followed 
up with regular controls by a gynecologist. Consulta- 
tion with chest physicians regarding antibiotic treat- 
ment should, of course, be utilized, but it is the 
gynecologist’s duty to follow the results of the treat- 
ment and judge the need for surgery. The gynecologist 
also helps the patient to cope with fertility and sexual 
problems in connection with the disease. 
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Gonococcal salpingitis is less likely to recur with 
Neisseria gonorrhoeae of the same prinicipal outer 
membrane protein antigenic type 


T. M. BUCHANAN, M.D. 
D. A. ESCHENBACH, M.D. 
J. S. KNAPP, Pu.D. 

K. K. HOLMES, M.D. 
Seatile, Washington 


If protective immunity were to develop following an episode of gonccoccal pelvic inflammatory 
disease (salpingitis), PID should recur with organisms bearing anticens that do not react with these 
immune mechanisms. To test this hypothesis, gonococci from 15 women with gonococcal PID, who 
experienced 19 subsequent episodes of gonococcal infection, were serotyped for their principal 
Outer membrane protein (Protein |) antigens. Of nine cases in which the initial and subsequent 
infections involved the same Protein ! serotype, none was associated with recurrence of PID. Of 10 
cases in which the initial and subsequent infections involved different Protein | types, five were 
associated with recurrent PID (p = 0.02). These data suggest that an episode of gonococcal PID 
produces some immunity to repsated episodes of salpingitis with the same Protein | serotype, while 
not preventing reinfection with the same Protein | serotype. The immune response to Frotein | 
antigen may thus provide serotyce-specific protection against gonosoccal salpingitis. (AM. J. 


OBSTET. GYNECOL. 138:978, 1980.) 


PATIENTS WITH salpingitis or pelvic inflammatory 
disease caused by Neisseria gonorrhoeae frequently have 
high antibody responses to gonococcal antigens, pre- 
sumably owing to potent immunizing stimuli from 
their invasive infection.'~* These antibodies may reflect 
a potent host, immune response that might protect 
against subsequent salpingitis caused by antigenically 
similar .gonococal. Prominent surface antigens of N. 
gonorrhoeae, that also interact with bactericidal an- 
tibodies, are lipopolysaccharide (LPS) and principal 
outer membrane protein (Protein I)..~* Any protective 
immunity that developed following salpingitis might be 
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expected to interact with these gonococcal surface anti- 
gens. If protective immunity were dependent upon 
bactericidal antibodies, one might observe protection 
against recurrent salpingitis with organisms of the 
same LPS or Protein I serotype, without concomitant 
protection against recurrent localized mucosal in- 
fections. This is because bactericidal antibodies do not 
prevent mucosal infections,” ë presumably as a result of 
inadequate complement levels in genital secretions.® To 
test tke correlation between Protein I serotype and re- 
current infection with or without salpingitis, we de- 
termined the Protein I serotype of all gonococci iso- 
lated from 15 patients who experienced an initial 
episode of gonococcal PID, followed by 19 episodes of 
recurrent gonococcal infection either with (five pa- 
tients! or without (14 patients) salpingitis. 


Materials and methods 

Study population. Approximately 300 patients with ` 
PID were examined by one of us (D. E.) at Harbarview 
Medical Center or the University Hospital in Seattle. 


~ and followed at frequent intervals after treatment for 1 


to 3 years. Approximately half of this group initially 
were found to have gonococcal PID and about 30 of 
these patients experienced recurrent gonococcal infec- 
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tion in the follow-up period. Fifteen of these patients 
met the criteria for inclusion in this study. These 
criteria were (1) an initial episode of salpingitis caused 
by N. gonorrhoeae, followed by one or more subsequent 
gonococcal infections 3 weeks to 18 months (median, 2 
months) after the initial infection, (2) sufficient clinical 
and laboratory data available for each clinic visit to de- 
termine whether the patient had salpingitis, a localized 
mucosal infection, or no infection, and (3) availability 
of all isolates of N. gonorrhoeae from each patient for 
Protein I serotyping. Patients were considered to have 
recurrent infections with or without salpingitis only if it 
could be demonstrated that their cultures were nega- 
tive for N. gonorrhoeae, and that they were without signs 
or symptoms of PID, for a period after treatment of 
their initial gonococcal PID and prior to its recurrence. 
Cases were classified as uncomplicated reinfections if 
the patient had mild or no adnexal or cervical motion 
tenderness at the time of reinfection. All patients with 
recurrent gonococcal PID had moderate to severe ad- 
nexal or cervical motion tenderness in association with 
recurrent endocervical gonococcal infection. 

Protein I serotyping. The Protein I serotype of each 
gonococcal isolate was determined by a quantitative 
enzyme-linked immunosorbent assay (ELISA) in which 
purified Protein I was coated to polystyrene tubes. The 
optical density developed through reacting rabbit anti- 
body to Protein I, followed by goat antirabbit antibody 
linked to enzyme, followed by enzyme substrate and 
color reagent, was significantly inhibited only by 
gonococci possessing Protein I of the same serotype on 
their surfaces.” The specifics of our ELISA method- 
ology have been published previously.'! A total of nine 
Protein I serotypes (1 through 9) have been identified, 
and each of the 15 initial and 19 subsequent isolates of 
N. gonorrhoeae was tested in duplicate against each of 
the nine Protein I serotypes (612 tests). Also, 10 addi- 
tional isolates of N. gonorrhoeae from patients ex- 
periencing their first episode of salpingitis were tested 
in duplicate against the same nine Protein I serotypes 
(180 tests). This provided 25 total isolates from which 
to characterize the prevalence of different Protein I 


‘serotypes on gonococci causing PID in the nonimmune 


patient in Seattle. If an isolate typed with more than 
one Protein I serotype, it was considered the same 
serotype as any other isolates with which it shared 
=50% of its Protein I serotypes. 


Results and discussion 


° None of the nine reinfections with gonococci of the 
same Protein I type as the organisms that caused the 
initial PID was associated wth PID. Of 10 reinfections 
with gonococci of Protein I serotypes ‘different than the 
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Table I. Protein I serotype of gonococci that 
reinfected patients after-a previous episode of 
gonococcal PID 






Reinfection 


With PID 


Same* O° 9 
Different 5 








Protein I serotype Without PID 





*As compared to the Protein I serotype of the gonococci 
that caused the initial episode of PID. 


Table H. Protein I serotypes* of N. gonorrhoeae 
causing salpingitis in 25 women with first-episode 
PID 


Serotype % 


68% 
60% 
0% 
4% 
16% 
20% 
16% 
32% 
0% 


Gsm OF Bb G ND re 


*Protein I serotypes 1 and 2 are strongly related and all but 
four isolates that typed with either of these Protein I antigens 
also typed with the other related Protein I serotype. In addi- 
tion, some other isolates typed with more than a single Protein 
I serotype. 


initial PID strain serotype, five were associated with 
recurrent PID (Table I, p = 0.022). This is consistent 
with the hypothesis that an immune response directed 
at least in part at Protein I antigens develops during 
gonococcal PID, and that this immunity protects 
against recurrent salpingitis, but not necessarily against 
localized mucosal infections caused by gonococci of the 
same Protein I serotype. These data provide a rationale 
for further evaluation of Protein I antigens as candi- 
dates for inclusion in a vaccine to protect against 
gonococcal salpingitis. This evaluation would include 
tests of the safety and immunogenicity of Protein I an- 
tigens in man, as well as determination of the fre- 
quency of different Protein I serotypes on gonococci 
causing PID. 

The prevalence of Protein I serotypes on gonococci 
causing salpingitis in 25 nonimmune patients from 
Seattle is summarized in Table I. Most of the isolates 
were of serotypes 1 (64%) and 4 (64%), followed by 
Protein I types 8 (32%), 6 (20%), and 5 and 7 (16%). A 
Protein I vaccine containing serotypes 1 and 2 would’ 
have encompassed 72% of the strains, and one contain- 
ing serotypes 1, 2, and 8 would have covered 84% of 
the 25 strains causing PID in our study. Strains from 
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other geographic areas are needed to better assess the 
extent of heterogeneity of Protein I serotypes of 
gonococci causing salpingitis. These preliminary re- 
sults offer some basis for hope that a vaccine based 
upon Protein I antigens can be developed to protect 
against gonococcal salpingitis. 
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Gonococcal lipopolysaccharide: A toxin for human 


fallopian tube mucosa 


C. R. GREGG, M.D. 
M. A. MELLY 
Z. A. McGEE 


Nashville, Tennessee 


Gonococci damaged the mucosa of human fallopian tubes in organ culture (FTOC), producing 
characteristic pathologic features. Filter-sterilized supernatant fluid from denor gonococcal-infected 
FTOC damaged recipient FTOC in a similar fashion. Gonococcal lipopolysaccharide (LPS) was 
detected in these toxic donor fluids in concentrations of 1.2 to 8.3 ug/mi. Purified gonococcal LPS 
in concentrations as low as 0.015 ug/ml produced damage equivalent to that caused by toxic donor 
fluid and was neutralized by polymyxin B. Such LPS-mediated damage to ciliated cells, if it occurs 
in gonococcal salpingitis, may impair mucociliary flow and predispose tc ectopic pregnancy and 
recurrent ascending infection. (AM. J. OBSTET. GYNECOL. 138:981, 1980.) 


GONOCOCCAL INFECTIONS remain epidemic in many 
parts of the world. The disease may spread from local 
genital sites to the fallopian tubes, perihepatic 
area, joints, and heart valves with crippling or life- 
threatening consequences. Even after eradication of 


gonococcal infection of the fallopian tubes, there is a> 


residual predilection to pelvic inflammatory disease, ec- 
topic pregnancy, and sterility.’ In addition, approxi- 
mately 80% of the annual economic costs of gonococcal 
infection are related directly to gonococcal infection of 
the fallopian tubes. Despite this enormous preblem, 
the mechanisms by which gonococci damage human 
tissues in general and fallopian tubes in particular have 
been investigated only recently. 

Study of gonococcal virulence factors has been 
difficult because of the relative specificity of gonococca! 
infections for man. To circumvent this difficulty we 
have employed an experimental model of gonococcal 
infection of human fallopian tubes in organ culture.” 
This model allows quantitation of the effect of viru- 
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lence factors and correlation of dynamic and patholog- 
ic changes that occur in gonococcal infection. Previous 
studies in our laboratory demonstrated that gonococci 
damaged the mucosa of human fallopian tubes in 
organ culture, producing characteristic pathologic fea- 
tures.® Filzer-sterilized supernatant fluid from donor 
gonococcal-infected organ cultures rapidly damaged 
recipient fresh organ cultures in a similar fashion. This 
and other observations suggested that at least part of 
the damage to human genital mucosa by gonococci was 
mediated by a subcellular toxic factor or factors. In the 
studies reported here, use of the human fallopian tube 
organ culture model has extended our previous inves- 
tigations®-* of the characteristics of the toxic factor(s) 
and has provided evidence that gonococcal lipopoly- 
saccharide (LPS) is the principal factor mediating this 
toxic damage. 


Materials and methods 


Microorganisms. Neisseria gonorrhoeae strain 2686, 
colony type 1, was used in these studies. Microorgan- 
isms were subcultured selectively as described previ- 
ously, and were consistently of transparent colony 
type." 

Preparation of human fallopian tube organ cultures 
(FTOC}). Fallopian tubes were obtained from peri- 
menopausal, nonpregnant women and maintained in 
HEPES minimum essential medium (HEPES MEM) as 
described previously.’ 

Infection of organ cultures and preparation of 
donor organ culture supernatant fluid. Infection of 
FTOC, preparation of donor organ culture superna- 
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Table I. Dose-related toxic effect of gonococcal 
LPS on human fallopian tube mucosa 


LPS concentration (pg/ml) | PPCA* 


15 0.53 (0.04)+ 
1.5 0.56 (0.04) 
0.15 0.48 (0.06) 
0.015 0.55 (0.08) 
0.0015 0.82 (0.05) 
0.00015 0.91 (0.03) 
0.000015 0.93 


*Each value represents the mean ratio of the PPCA (per- 
centage of the periphery with ciliary activity) remaining at 
24 hours, relative to the control value at the same interval. 


{Figures in parentheses represent the standard error of the 
mean. 


tant fuid, and preparation of recipient FTOC for as- 
sessment of toxic damage were performed as described 
previously.” * For experiments in which gonococcal 
LPS was tested for its effects on fallopian tube mucosa, 
lyophilized LPS was dissolved in pyregen-free water 
with sonication. This solution was diluted appropriate- 
ly in HEPES MEM and then filtered through a 0.45 wm 
membrane filter (Millipore Corp.) prior to testing in 
the FTOC model. 

Quantitation of mucosal damage. Damage to the fal- 
lopian tube mucosa was quantitated as the percentage 
of the periphery with ciliary activity remaining at each 
period of observation, as described previously.’ 

Effect of dialysis on toxicity of donor fluid. Super- 
natant fluid from fallopian tube organ cultures in- 
fected with gonococci for 48 hours was filter sterilized. 
An aliquot was dialyzed against 1 L of fresh HEPES 
MEM for 20 hours at 4° C. This dialyzed fluid was then 
tested in recipient FTOC and compared to undialyzed 
toxic supernatant donor fluid. 

Effect of heat on toxicity of donor fluid. Superna- 
tant fuid from 48 hours infected donor FTOC was 
filter sterilized and was left unheated or was heated at 
56° C or 85° C for 30 minutes. These fluids were then 
tested for their ability to damage recipient FTOC. 

Absorption of toxic supernatant fluid with Limulus 
amebocyte lysate (LAL). Pooled samples of filter- 
sterilized supernatant fluid from uninfected FTOC 
and from gonococcal-infected FTOG were absorbed 
with LAL as described elsewhere.’ LAL assays were 


performed on all samples before and after absorption. 


Prior to use as the medium for recipient FTOC, these 
fluids were sonicated for 15 minutes and diluted 1:4 
with fresh HEPES MEM, as in the standard recipient 
experiments. 

Preparation of purified gonococcal LPS. Purified 
gonococcal LPS was prepared by a madification of the 
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hot phenol-water technique described by Johnsor: and 
Perry.® l 

Mouse lethality studies. Gonococcal LPS was teste 
for its lethal effects by intravenous injection into lead, 
sensitized mice, essentially as described by Rifkind.® 

Quantitation of endotoxic activity. The endctoxic 
activity of FTOC supernatants was determined by the 
LAL assay. Purified gonococcal LPS served as the stan- 
dard for determination of endotoxic activity. Limulus 
lysate, Escherichia coli LPS control standard, and meth- 
odology were obtained from Associates of Cape Cod, 
Inc., Woods Hole, Massachusetts. 

Polymyxin B studies. Polymyxin B (Burroughs 
Wellcome & Co.) was tested for its ability to neutralize 
the toxic effects of gonococcal LPS on FTOC. Polymyx- 
in B, 3 ug/ml, was incubated with gonococcal LPS, 0.15 
ug/ml, for 30 minutes at 25° C. Then this mixture was 
used as the medium for FTOC in parallel with appro- 
priate controls. 


Results 


Effect of dialysis and heat on toxic activity. Most of 
the toxic activity of donor supernatant fluid remained 
after dialysis. Neither heating at 56° C nor at 85° C for 
30 minutes diminished the toxic activity of donor fluid. 

Studies of the source of the toxic factor(s). The su- 
pernatant fluid collected from uninfected FTOC ho- 
mogenized in its own medium was not toxic for recip- 
ient FTOC. Gonococci grown in broth culture (in the 
absence of fallopian tube tissue) elaborated substantial 
quantities of material that was toxic for FTOC. These 
observations, plus the finding that the toxic factor was 
heat-stable, suggested that the toxic activity detected in 
gonococcal-infected donor FTOC fluids was mediated 
by a product of the gonococcus and not of the host 
tissue. 

Effect of absorption with LAL on toxic activity. 
Toxic supernatant fluid absorbed with LAL had stg- 
nificantly less damaging effect than unabsorbed toxic 
donor fluid when compared in recipient FTOC. LAL 
assay of these toxic fluids before and after absorption 
disclosed that LAL removed >99% of the measurable 
endotoxic activity. 

Preparation of purified gonococcal LPS. The lot of 
LPS used in these studies was free of nucleic acid con- 
tamination and contained less than 1% protein. ‘The lot 
of LPS used in the mouse lethality studies contained 
less than 1% protein and approximately 4% ribor.ucleic 
acid, 

Mouse lethality studies. Mice that received LPS bat 
no lead acetate were not killed by gonococcal LPS at a 
dose of 20 ug. However, in those mice that were lead- 
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sensitized prior to receiving gonococcal LPS, the me- 
dian lethal dose of gonococcal LPS was 0.07 ug. 

Quantitation of LPS. Purified gonococcal LPS in 
concentrations of 0.006 ng/ml consistently caused ge- 
lation of LAL. This endpoint was used as a standard 
for measurement of gonococcal LPS concentrations in 
FTOC supernatants. Whereas LPS was not detected in 
control FTOC fluids, toxic supernatants from 48 hour 
gonococcal-infected FTOC contained LPS in concen- 
trations ranging from 1.2 to 8.3 ug/ml. 

Dose-related toxic effect of gonococcal LPS. In 
preliminary experiments, purified gonococcal LPS was 
tested at a concentration of 50 ug/ml in FTOC. At this 
LPS concentration, the damage to the fallopian tube 
ciliary activity occurred at a rate equivalent to that seen 
in recipients of toxic FTOC donor fluids. 

Tenfold dilutions of gonococcal LPS ranging from 
15 to 0.000015 ug/ml were prepared in HEPES MEM 


and tested for their toxic effects in FTOC. LPS concen- — 


trations as low as 0.015 ug/ml consistently caused max- 
imal damage. LPS at a concentration of 0.0015 ug/ml 
caused measurable but submaximal damage, but LPS 
of a concentration =0.00015 ug/ml did not cause sig- 
nificant damage (Table I). 

Effect of polymyxin B in blocking the toxic effect 
of gonococcal LPS. In three experiments, polymyxin B 
was preincubated with gonococcal LPS. In one cf these 
experiments polymyxin B totally neutralized the toxic 
effect of LPS on FTOC. In the other two experiments 
there was significant blocking of the toxic effect. 


Discussion 


A major problem in studying the virulence of gono- 
cocci has been the virtual specificity of the genital in- 
fection for man and, thus, the lack of a convenient 
experimental model of genital infection with gonococ- 
ci. To help overcome this problem Ward and associ- 
ates'®, Carney and Taylor-Robinson,"' and McGee and 
colleagues? have developed experimental models of 
human fallopian tubes in organ culture for studving 
the interaction of gonococci with human genital tissue. 
Previous studies using this model demonstrated that 
gonococcal damage to human fallopian tube mucosa 
was correlated with loss of ciliated cells and subsequent 
invasion of nonciliated cells.” Furthermore, it was 
shown that colony type 4 gonococci damaged tissues, 
although at a lower rate than type 1 organisms, indicat- 
ing that factors other than pili are involved in viru- 
lence. Two observations suggested that gonococci 
elaborate a toxic factor (or factors) which is at least 
partially responsible for the damage to the mucosa: (1) 
Considerable damage occurred prior to entry of gono- 
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cocci into mucosal cells, and (2) the primary damage 
was due to sloughing of ciliated cells although gono- 
cocci attached almost exclusively to nonciliated cells. 
Additional studies demonstrated that filter-sterilized 
supernatant fluid from donor gonococcal-infected fal- 
lopian tube organ cultures damaged fresh recipient fal- 
lopian tube organ cultures.” The studies reported here 
expand our previous observations and provide evi- 
dence tha: gonococcal LPS is the principal mediator of 
this toxic acūvity. 

The toxic activity of donor fluids from gonococcal- 
infected FTOC was not reduced by heating to 85° C 
and was reduced only partially by dialysis. These data 
suggest that the principal toxic factor in these fluids is 
heat-stable and has a molecular weight of greater than 
12,000 dzltons. These physical properties are charac- 
teristic of gonococcal LPS. Mårdh and his group” 
found that gonococcal LPS impaired the mucociliary 
wave frequency of human fallopian tube organ cul- 
tures. In our studies toxic activity in the donor fluids 
was diminished as LPS was removed by absorption with 
LAL. These experiments suggested that gonococcal 
LPS plays a key role in mediating the observed toxic 
damage to human fallopian tube mucosa. 

Purified gonococcal LPS was prepared and tested for 
its endotoxic effects. This LPS was highly lethal in 
lead-sensitized mice. Furthermore, purified gonococcal 
LPS consistently caused gelation of LAL when mixed at 
a concentration of 0.006 ng/ml with the lysate. Purified 
gonococcal LPS at concentrations comparable to those 
of toxic donor fluid damaged FTOC at a rate equiva- 
lent to that caused by toxic donor fluids. In further 
studies, the toxic effect of gonococcal LPS was pro- 
duced by LPS concentrations as low as 0.015 ug/ml. 
These studies confirmed that the gonococcal LPS con- 
centrations in toxic donor organ culture fluids greatly 
exceeded those necessary to account for the damage 
these fluids cause in recipient FTOC. 

A probe for investigating the toxic moiety of LPS has 
been provided by the demonstration that the antibiotic 
polymyxin B neutralizes a variety of biologic effects of 
lipopolysaccharides in vitro’? and in experimental ani- 
mals,” " probably by binding with and blocking the 
lipid A portion of the molecule.’® Our studies demon- 
strated that polymyxin B significantly blocked the toxic 
effects of gonococcal LPS on FTOC. These studies 
suggest that the toxic moiety of gonococcal LPS, as with 
endotoxins of other gram-negative bacteria, is the lipid 
A portion of the molecule. Further studies are in prog- 
ress to elucidate the structure of this gonococcal LPS 
and to investigate the biologic properties of its compo- 
nent parts. 
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Gonococci elaborate into their milieu outer mem- 
brane material with endotoxic properties.'® Our studies 
demonstrate that gonococcal LPS is capable of causing 
damage to ciliated cells of human fallopian tube mu- 
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determined by laparoscopy: What i 1s the appropriate 


Acute salpingitis is a polymicrobial disease. Neisseria gonorrhoeae and anaerobic gram-positive 
cocci were the predominant microorganisms isolated from the fallopian tubes of salpingitis patients. 
Gonococci were isolated from the fallopian tubes in eight of 35 (23%) patients; anaerobic bacteria 
were recovered from 10 of 35 (28.5%). Although Chiamydia trachomatis was not recovered from the 
fallopian tube exudate, there was abundant serologic evidence of chlamydial infection in the 
salpingitis patients. Twenty-three percent of patients with paired sera had a fourfold rise in IgM and 
igG titer, which was consistent with systemic chiamydial infection. Comparison of cultures obtained 
via laparoscopy and culdocentesis suggested that culdocentesis is not an accurate reflection of the 
microbial milieu in-the fallopian tube. (Am. J. OBSTET. GYNECOL. 138: ‘985; 1980.) 


ACUTE SALPINGITIS is the major medical and eco- 
nomic consequence of uncomplicated anogenital gon- 
orrhea in women.’ Other microorganisms also have 
been implicated as causative agents in this disease.*~° 
Acute salpingitis is a direct cause of infertility, leads to 
increased reproductive wastage secondary to ectopic 
pregnancies, and may result in other sequelae and 
inflammary residua necessitating surgical intervention." 

‘Based on the recovery of Neisseria gonorrhoeae from 
the endocervix, the gonococcus has béen implicated as 
the etiologic agent of acute salpingitis in 33% to 80% of 
patients,’ 2-7 However, investigations utilizing cul- 
docentesis and/or laparoscopy to obtain cultures from 
the peritoneal cavity and tubal exudate have shcwn a 
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variable correlation between the cervical and intra- 
abdominal cultures.2-7 In these studies the gonococcus 
could be recovered from the peritoneal cavity in only 
6% to 80% of salpingitis patients with endocervical 
gonorrhea. Previous investigations have reported the 
isolation of a variety of anaerobic and aerobic bacteria 
from the peritoneal fluid.2-7 Thus, controversy has 
arisen over the role of the gonococcus in the etiology 
and pathogenesis of acute salpingitis. In addition, mi- 
croorganisms such as Chlamydia trachomatis and genital 
tract mycoplasmas have been recovered from the 
peritoneal cavities of salpingitis patients.® °? 
Prevention of significant morbidity and sequelae and 
reduction of costs associated with acute salpingitis re- 
quire development of appropriate methods of treat- 
ment and prevention that are based on knowledge of 
the microbiologic etiology and pathogenesis of the dis- 
ease. This study was undertaken to determine the mi- 
crobiologic etiology at the site of infection—the fallo- 
pian tube. In a previous study® we noted a discrepancy 
between culdocentesis isolates and fallopian tube iso- 
lates. The recovery of microorganisms in the culdocen- 
tesis specimen that were not isolated directly from the 
fallopian tube. exudate cast doubt on the assumption 
that bacteriologic evaluation of peritoneal fluid speci- 
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Table I. Distribution of microorganisms isolated in the SFGH* Acute Salpingitis Study 


M icroorganism 


N. gonorrhoeae 

N. gonorrhoeae only 

N. gonorrhoeae in combination 

with other bacteria 
Aerobic bacteria only 
. Anaerobic bacteria 

Anaerobes only 

Mixed: anaerobes/aerobes 
M. hominis 0 
Ureaplasma urealyticum 
C. trachomatis 0 
No growth 


*San Francisco General Hospital. 


Table II. Microorganisms isolated from the fallopian 
tube and culdocentesis aspirate in SFGH Acute 
Salpingitis Study, N = 35 | 


M icroorganisms 


Aerobic organisms 

- Haemophilus influenzae 
Haemophilus species 
Streptococcus 
Group B streptococcus 
Cornybactertum vaginale 
Enterococcus 
Escherichia ¢oli 
Proteus mirabilis 
Staph. epidermidis 
Pseudomonas. aeruginosa 
Diphtheroids 
Lactobacillus 

Anaerobic organisms 
Peptococcus 
Peptostreptococcus ` 
Bacteroides oralis 
Bacteroides bivius 
Bacteroides melaninogenicus 
Gram-negative. rod 
Fusobacterium 
Veillonelia 
Clostridium 
Gaffkya 
Ruminococcus 
Profionibacterium 
ee 
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mens obtained via culdocentesis is an accurate reflec- 
tion of the microorganisms present in the fallopian 
tube of salpingitis patients. Thus caution should be 
used in interpreting bacteriologic specimens obtained 
via culdocentesis. Therefore, our second goal was to 
determine whether culdocentesis accurately reflects the 
microbiologic milieu of the fallopian tube or if its use- 
fulness is limited by contamination with vaginal micro- 
organisms. Third, we sét out to assess the role of C. 
trachomatis in acute salpingitis. 


Fallopian tube Culdocentesis 
: (N = 35) (N = 35) 
8 (23%) | | 


6 (17%) 


2 (6%) 

1 (3%) 
10 (29%) 
3 (8.5%) 
7 (20%) 


3 (8.5%) 
13 (37%) 


Culdocentests 
Fallopian tube aspirate 


Endocervix 

(N = 39) 

11 (31%) 19 (49%) 
3 (8.5%) = 
8 (23%) — 
1 (3%) -— 
20 (57%) — 
5 (14%) = 
15 (43%) —_ 

1 (3%) 28 (80%) 

6 (17%) ` 21 (60%) 

0 2 (5%) 


9 (26%) ee t 


Table III. Microbial isolates from the fallopian tubes, 
cul-de-sac, and culdocentesis aspirate of acute 
salpingitis patients (N =. 10) 


7 Cul-de-sac by | Fallopian tube | — 
Organism laparoscopy | by laparoscopy | Culdocentesis 


_ Aerobes — 9 8 10 
Anaerobes 4 6 12 
Gonococcus 2 2 3 
Ureaplasma 

urealyticum 2 1 2 
Fungi 0 0 l 
Chlamydia 0 0 0 
Total 17 17 28 


Materials and methods 


Thirty-nine women were enrolled in the study. 
These patients presented with a tentative diagnosis of 
salpingitis, gave informed written consent, and had 
subsequent laparoscopic confirmation of acute salpin- 
gitis. 

The criteria for the diagnosis of acute salpingitis 
have been described previously.’ In the initial 29 pa- 
tients, cultures were obtained from three anatomic 
sites—endocervix, cul-de-sac via culdocentesis, and fal- 
lopian tube exudate via laparoscopy. In 10 additional 
patients, a fourth culture site also was utilized—the 
cul-de-sac via laparoscopy. The fallopian tube exudate, 
laparoscopically obtained cul-de-sac sample, and cul- 
docentesis specimen were cultured for N. gonorrhoeae, 
Mycoplasma hominis, ‘Ureaplasma urealyticum, Mycoplasma 
fermentans, aerobic and anaerobic bacteria, herpesvirus, 
and Chlamydia trachomatis. The endocervix was cultured 
only for N. gonorrhoeae, genital mycoplasma, Urea- 
plasma, herpesvirus, and C. trachomatis. The microbio- 
logic methodology has- been described previously.’ 
Statistical analysis was performed using Fisher's exact 
test. 
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Table IV. Microbial isolates from patients with acute salpingitis 





Patient 


Cul-de-sac by laparoscopy 


; Fallopian tube by laparoscopy 
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Culdocentesis 





Corynebacterium vaginale, N. gonorrhoeae, 
Lactobacillus, Gaffkya anaerobius, Ru- 
minococcus ` 

Ureaplasma urealyticum, C. vaginale, 
anaerobic gram-neg. rod, strepto- 

- coccus, anaerobic diphtheroids 

Peptostreptococcus, Bacteroides bivius 

Aureobasidius pullulans 

Streptococcus, pseudomonas, E. 
coli, peptostreptococcus, Bacteroides 
species 

C. vaginale, peptococcus, peptostrep- 
tococcus, Fusobacterium, Veilionela, 
streptococcus, Ureaplasma. urealyticum 

Ureaplasma urealyticum 


Staph. epidermidis 
N. gonorrhoeae 
N. gonorrhoeae 


el. M.R. Corynebacterium vaginale, aerobic 0 
diphtheroids 
rie BeH Ureaplasma urealyticum Ureaprasma urealyticum 
3. V. M. 0 o., 
4. C. V. Staph. epidermidis Staph. epidermidis, diphtheroids 
5. D.G. Streptococcus, Pseudomonas Streptococcus, Pseudomonas aeruginosa, 
aeruginosa, E. coli, peptostrep- E. coh, peptostreptococcus, Bac- 
tococcus, Bacteroides species leroides spécies, Clostridium 
6. D.N Aerotic diphtheoirds, peptococ- C. vaginale, aerobic diphther oids, pep- 
cus, peptostreptococcus, toccccus, peptostreptococcus, strep- 
streptococcus toccccus, Fusobacterium 
7. A.C. Ureaplasma urealyticum, C. 0 
vaginale 
8. G. B. 0 
9. A.W. N. gonorrhoeae N. gonorrhoeae 
10. D. G. N. gonorrhoeae N. gonorrhoeae 
Results 


Microbiologic etiology. The general distribution of 
microorganisms isolated from the various culture sites 
is listed in Table I. Although nearly 50% of the pazients 
had gonococci in the endocervix, the gonococcus could 
be recovered from the fallopian tube in only èight of 35 
(23%) and from the culdocentesis aspirate in 11 of 35 
(31%) patients. Of the patients with endocervical gono- 
cocci, gonococci were isolated from the fallopian tube 
in 42% and from the culdocentesis aspirate in 58% 
The specific microorganisms obtained from the fallo- 
pian tube and by culdocentesis are listed in Table II. 

Anaerobic bacteria were the organisms recovered 
most frequently from the fallopian tube exudate, and 
they were isolated in 10 cases (28.5%). In the seven 
patients with mixed aerobic-anaerobic bacteria isolated 
from the tubal exudate, anaerobes were the predomi- 
nant organisms. Peptostreptococcus and Peptococcus spe- 
cies were the most prevalent anaerobes in the tubal 
exudate. Anaerobic-bacteria were recovered from the 
culdocentesis aspirate in 53% of the patients. In a sin- 
gle instance a sole aerobic organism recovered from the 
tubal exudate was an enterococcus. The Gram-stained 
smears showed rare, tiny, pleomorphic gram-positive 
cocci resembling anaerobic cocci in five of the 13 pa- 
tients with no growth. 

While M. hominis and Ureaplasma urealyticum were re- 
covered frequently from the endocervices of wcmen 
with acute salpingitis (Table I), these microorganisms 
also were recovered frequently from the fallopian tube. 
Herpesvirus was not recovered from any site. _ 

Chlamydia trachomatis in salpingitis patients. C. tra- 
chomatis was. recovered from the endocervices of two 
patients (5%). C. trachomatis was not isolated from the 


fallopian tube exudate or cul-de-sac fluid in any pa- 
tients. However, there was abundant serologic evidence 
of chlamydial infection in this population. Some of the 
women showed serial conversion with antibodies de- 
tected at high titers, which is consistent with systemic 
chlamydia infection. Thirty-two of 37 patients tested 
had some antibodies to C. trachomatis. Of 22 women 
with paired sera, five had a fourfold rise in titers to 
chlamydia antigens (IgM and IgG). Seven additional 
patients had very high single-point titers, with IgM 
(21:82) compatible with acute chlamydial infection. 
Of the 12 patients with a fourfold rise in titer or single 
high titers, all had complement fixation titers greater 
than 1:16. Only one of the remaining 25 patients had a 
complement fixation titer gr eater than 1:16 (p< 
0.001). . 

Comparison of culdocentesis and fallopian tube 
isolates. The microorganisms identified in the 10 
women in whom cultured specimens were obtained 
from the fallopian tube, cul-de-sac via laparoscopy, and 
cul-de-sac via culdocentesis are shown in Table III. Al- 


_ though there was close agreement between fallopian 


tube exudate and cul-de-sac isolates via laparoscopy, 
there was poor correlation with the culdocentesis re- 
sults. Fifty percent more isolates were obtained from 
the culdocentesis aspirate than from the fallopian tube 
exudate or-cul-de-sac fluid obtained via laparoscopy. A 
patient-by -patient comparison of isolates is presented 
in Table IV. The major contributors to the increase 
were anaerobic bacteria, Corynebacterium vaginale, aer- 
obic streptococci, and E. coli. 

Previously we!! reported that the colony phenotypes 
of the fallopian tube/cul- de-sac isolates of gonococci 
were more transparent than the paired endocervical 
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isolates, which were more opaque. In Patients 9 and 10 


(Table IV) the colony phenotypes of the culdocentesis — 
isolates were similar to the phenotypes of the same pa- 


tients’ endocervical isolates. 


Discussion 

Recent investigations to determine the microbiologic 
etiology of acute salpingitis have utilized culdocentesis 
and/or laparoscopy in an attempt to provide culture 
specimens from the site of infection that are not con- 
taminated by the abundant microflora of the female 


lower genital tract. These studies have suggested a, 


polymicrobial nature for the etiology of acute salpin- 
gitis” “and have questioned the role that N. gonorrhoeae 
plays in the etiology and pathogenesis of the disease. 
On the one hand, groups led by Chow," Monif,‘ and 
Cunningham? have proposed that symptomatic infec- 
tion of the upper genital tract is initiated almost always 
by the gonococcus, which then paves the way for sec- 
ondary infection with microorganisms from the flora of 
the cervix and the vagina. In contradistinction, other 
groups led by Eschenbach,? Sweet, Mardh,® and 
McCormick” have suggested that N. gonorrhoeae does 
not always initiate salpingitis, and that nongonococcal 
salpingitis is a separate clinical entity. Optimal resolu- 
tion of this controversy would require daily laparoscop- 
ically obtained tubal cultures in salpingitis patients not 


receiving therapy. Obviously this is not possible. In our - 


initial study® and in this report, the use of laparoscopy 
to determine the microorganisms isolated from the fal- 
lopian tube exudate has confirmed the polymicrobial 
etiology of acute salpingitis. In addition, the use of 
laparoscopy to collect specimens from the fallopian tube 
exudate has suggested alterations in the concepts of the 
etiology and pathogenesis of acute salpingitis.‘ ' "4 - 
In an attempt to answer this dilemma, we have de- 
termined the recovery of N. gonorrhoeae and other mi- 
croorgahisms as a function of the duration of salpin- 
gitis and the number of salpingitis episodes.” Although 
the gonococcus tended to be recovered from patients 
early in the clinical course of salpingitis and was the 
pathogen isolated most frequently from the fallopian 
tube within the initial 24 hours of symptoms, other 
bacteria also were present early in the disease process. 
In three of the patients presenting within 24 hours of 
onset of symptoms, anaerobic bacteria were the pre- 
dominant fallopian tube isolates. N. gonorrhoeae was not 
isolated from the fallopian tubes of these patients and 
was not even recovered from the cervix in one case. 
Thus it appears that other bacteria from the cervix and 
vagina may not require N. gonorrhoeae to pave their 
access to the fallopian tube. 

We were able to isolate anaerobic bacteria from the 
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fallopian tubes in the initial episode of salpingitis. It 
was the initial episode in six of 11] patients with 
anaerobic isolates. In five of these women, anaerobes 
were the predominant organism, and gonococci weve 
not recovered from the fallopian tube or endocervix. 
Both gonococci and anaerobes/aerobes were recovered 
in inverse proportion to the number of episodes of 
salpingitis.” These data suggest that the gonococcus 
does not necessarily initiate all primary episodes of 
salpingitis. 

The use of laparoscopy has enabled us to study sev- 
eral potential virulence factors in paired fallopian 
tube/peritoneal cavity and endocervical isolates of N. 
gonorthoeae."' ' These included auxotypes, antimicro- 
bial susceptibility, and colony phenotype. While the 
auxoiypes of gonococci isolated from salpingitis pa- 
tients differed from the auxotypes of gonococci from 
uncomplicated anogenital disease, the auxotypes of 
paired tubal-endocervical isolates were similar. Despite 
a relative increased resistance to a variety of antibiotics 
in the salpingitis zonococci as compared to uncompli- 
cated anogenital gonococci, the paired tubal-endo- 
cervical isolates demonstrated similar patterns. The 
only potential virulence factor that was significantly 
different in the fallopian tube and endocervical paired 
gonococcus isolates was colony phenotype. The fallo- 
pian tube phenotypes were more transparent than the 
corresponding endocervical isolates. 

Similar to reports by Eschenbach and associates? and 
Mårdh and Westrém,?® tubal isolation of M. hominis and 
U. urealyticum was infrequent although we frequently 
isolated these organisms from the cervices of salpingitis 
patients. All three tubal isolates of Ureaplasma were 
from patients presenting with symptoms lasting longer 
than 72 hours. This raises the question as to whether 
these organisms are secondary invaders rather than 
primary pathogens. . | 

The role of C. trachomatis as a pathogen in acute sal- 
pingitis has received attention recently. Although we 
wer2 unable to isolate this organism from any fallopian 
tube exudate, there was serologic evidence of systemic 
chlamydial infec:ion in 23% of our salpingitis patients 
with paired sera. Mardh and colleagues® reported 30% 
isolation of C. rrachomatis from the fallopian tubes. 
However, in the United States, C. trachomatis has been 
recovered from the peritoneal cavity in only 2% to 10% 
of salpingitis patients.” 7 Serologic evidence suggests 
tha: approximately 20% of all salpingitis cases in the 
Un.ted States are associated with this agent. The dif- 
ference between Swedish isolation rates and those in 
the United States may be due to the methods of collect- 
ing specimens, whereby the Swedes use a needle biopsy 
aspiration technique, and successful isolation may re- 
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quire the collection of infected cells in the inoculum. 
Second, the high rate of gonococcal infection in the 
United States may submerge the role of Chlamydia 
frachomatis in the pathogenesis of salpingitis in this 
country. Although complement fixation (CF) titers are 
not a good indicator of cervical or urethral infection 
with C. trachomatis, the correlation of CF titers cf 1:16 
with IgM titers suggestive of recent systemic 7, rra- 
chomatis infection indicates that CF is a relatively good 
test in systemic infection. 

We noted a lack of correlation between culdocentesis 
isolates and those obtained from the fallopian tube. 
Culdocentesis specimens yielded greater numbers of 
bacteria common to vaginal flora than did the fallopian 
tube isolates. This suggests vaginal contamination oc- 
curs with culdocentesis. Eschenbach. and associates? 
suggested that the isolation of vaginal contaminants oc- 
curred when cul-de-sac aspirates were cultured in 
broth, but not on direct plating or Gram-stained 
smears. However, in this study there was only a single 
instance of a Staphylococcus epidermidis, which grew only 
on subculture of broth and not on direct plating. There 
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were two instances of growth on the plate but not on 
broth subculture. The similarity noted between the 
colony phenotype patterns of the gonococci isolated 
from the culdocentesis aspirate and the endocervix re- 
inforces the possibility of the culdocentesis results 
reflecting vaginal contamination. These findings sug- 
gest that laparoscopically obtained specimens from the 
fallopian tube may be the only appropriate material for 
elucidating the microbiologic etiology of acute salpin- 
gitis. In addition, the study of N. gonorrhoeae obtained 
from endocervical canal specimens may not be compa- 
rable to the study of fallopian tube isolates. Thus, if we 
are to understand the pathogenesis of acute salpingitis 
and determine the virulence factors of the pathogens 
involved in the disease process, isolates must be studied 
that have been obtained from the site of infection, Le., 
the fallopian tube. Only by elucidating these factors can 
appropriate methods of treatment and prevention be 
developed that will avoid the significant morbidity and 
sequelae, and reduce costs associated with acute sal- 


pingitis. 
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Experimental pelvic inflammatory disease provoked 
by Chlamydia trachomatis and Mycoplasma hominis š 


in grivet monkeys 


BIRGER R. MØLLER 
EYVIND A. FREUNDT 
PER-ANDERS MÅRDH 


Aarhus, Denmark, and Lund, Sweden 


Pelvic inflammatory disease was produced by inoculation with Mycoplasma hominis and Chlamydia 
trachomatis directly into the faliopian tubes of grivet monkeys. The effects of various routes of 
infection were examined. The method of inoculation with the infecting agent influenced the resulting 
clinical spectrum. In these monkeys significant changes in humoral antibodies occurred with 
inflammation caused by both M. hominis and C. trachomatis. Development of cellular antibodies 
against M. hominis could be demonstrated in all experimentally infected monkeys, whereas no such 
antibodies could be detected in monkeys with chlamydia salpingitis. M. hominis in female grivet 
monkeys may spread from the cervix or the uterine cavity, probably via blood vessels and 
lymphatics, producing parametritis and “exosalpingitis.” C. trachomatis may spread from the cervix 
via the uterine mucosa, producing endosalpingitis with destruction of the epithelium. The infection 
caused by M. hominis in the genital tract of female grivet monkeys resembles “nongonococcal” 
salpingitis while C. trachomatis produces infection resembling “gonococcal” salpingitis. (Am. J. 


OBSTET. GYNECOL. 138:990, 1980.) 


OFTEN IN THE PAST, Neisseria gonorrhoeae has been 
considered the prime cause of nontuberculous salpin- 
gitis. However, during the last two decades, evidence 
for an etiologic role of two other sexually transmitted 
organisms, viz., Mycoplasma honunis® © and Chlamydia 
trachomatis ,* '? has been presented. 


The grivet monkey was used as an animal model to 


examine the capacity of M. hominis and C. trachomatis to 
produce inflammation of the female upper genital 
tract. This article reports the results of our experiment. 


Material and methods — 


Animals, The 25 female grivet monkeys (Cercopith- 
ecus aethiops) used, body weights = 1.6 to 2.4 kg, had 
been captured in East Africa and kept in quarantine 
for 6 weeks before experimentation. 

Organisms. M. hominis, strain D 1887, isolated from. 
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the uterine cervix of a patient with acute salpingitis, 
was used. Before inoculation the organism was handled 
as described previously.® . 

A strain (No. 771) of C. trachomatis, immunotype K, 
isolated from the fallopian tubes of a patient with acute 
salpingitis was used. An inoculum of this strain, which 
was injected into a monkey, produced acute salpingitis. 
The organism was reisolated from the fallopian tubes 
of the infected monkey, relabeled (strain No. 5155), 
and used in the experiments. These isolates were han- 
dled as reported elsewhere.'® 

Preinoculation testings. Specimens were collected 
from all monkeys on three consecutive occasions from 
the throat, the urethra, the cervix, and the rectum, and 
were cultured for mycoplasmas, particularly for the oc- 
currence of Mycoplasma hominis, M. fermentans, and 
Ureaplasma urealyticum.® Swab specimens from the same 
sites also were collected for C. trachomatis." 

The preinoculation testing also included blood ex- 
amination and, in some cases, determination of the rec- 
tal temperature. ° 

Experimental infection. Different methods were 
used to inoculate animals with the organisms. The uter- 
ine tubes were directly infected during laparotomy, as 
described earlier.’ Moreover, studies of the mode of 
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spread of infection from the lower to the upper genital 
tract were performed following three other modes 
of inoculation: route A, inoculation into the uterine 
c&vity through a steel catheter inserted into the cervical 
canal; route B, into the uterine cavity via the cervical 
‘canal, but after ligation of the isthmus of the uterine 
— tubes, followed by curettage of the endometrium; or 
‘route C, into the epithelium of the cervical mucosa. 
These procedures have been described | in Gels 
| elsewhere. f | l 
All surgery and sampling were performed after in- 


re “ducing general anesthesia." 


Assessment of lesions and sampling were done, with 
few exceptions, on days 3, 7, 14, 21, and.35 post inocu- 
lation (p.i.), and in some cases, on day 60 p.i. On these 
-days laparotomy was performed. Biopsies and/or swab 
‘specimens were collected from the. fallopian tubes, 


- fimbriae, parametria, and the intestinal serosa for his- 


tology and culture studies. On the same occasion, and 
at varying intervals during the third month p.i., swabs 
‘were taken from. the cervix, 


Culture studies. The methods used for isolation of 


mycoplasmas, Ureaplasma, chlamydiae, and bacteria 


- were the same as those described earlier.® 1 


- Histology. The tissue biopsies were fixed in 10% 
“formaldehyde, embedded in paraffin, and stained with 
hematoxylin and eosin. 

. Serology. Antibody surveys for mycoplasmas were 
_ €arned out by an indirect hemagglutination assay 
(THAJ)? In some of the experiments, serum antibodies 
also were determined by a modification of the growth 
‘inhibition (GI) test, by a modified immunofluorescence 
. (IMF) test, and by a metabolic inhibition (MI) test.” 

_ Surveys for serum antibodies to C. trachomatis were 
performed by use of a microimmunofluorescence test, 


using pools of antigen." 


Blast transformation tests. Lymphocytes were ob- 
| tained from monkey blood separated on Ficoll-Iso- 
“paque gradients. Then the cells were washed, counted, 
and cultured in RPMI 1640 (Gibco) supplemented with 
20 mmole HEPES, 100 IU penicillin/ml, 100 pg 
streptomycin/ml, and 15% heat-inactivated pooled 
normal human serum. The cultures were made in mi- 
crotiter plates. Each well contained 0.2 ml of lympho- 
cytes in a concentration of 10° cells/ml. Undiluted anti- 
gen at 30 or 10 wl and 10 wl of antigen diluted 1: 4, 
1:16, and 1:64 were added to the cultures. All deter- 
minations were done in triplicate. Unstimulated and 
gntigen-stimulated cultures were incubated in 5% : CO, 
at 37° C for 4 days. Quantitation was done by adding 
0.02 Ci “C-thymidine to each well 18 hours before 
termination of the experiments. 
Controls. In monkeys used as controls in the M. 
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. 
hominis studies, phosphate-buffered saline (PBS), pH 
7.2, was the inoculum. A yolk sac suspension from a 
noninfected embryonated hen’s egg, which had been 
diluted in PBS, was inoculated into the control mon- 
keys used in the G, trachomatis experiments. 
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cavity Ia aed of. i 
B), or into the epitheliur : ob cervical n mucosa coals 
C) all showed obvious signs. of inflammation in the 
upper genital tract on days 7 to 21 p.i. The parametria 
were swollen, and the tubes were moderately congested 
and reddened. On day 35 p-i;, the internal genital or- 
gans were practically normal on macroscopic examina- 
tion. The monkeys inoculated via the uterine cavity 
(route A) with M. kominis presented normal parametria 
during the experimental period, whereas the fimbrial 
ends of the uterine tubes were moderately reddened 
and swollen on day 7 p.i. Later, the internal organs 
appeared normal. 

When C. trachomatis was injected directly into the 
tubes, into the cavum uteri (route A), or into the cervi- 
cal epithelium (route C), all seven monkeys developed 
salpingitis. The entire tubal length was swollen and 
reddened on days 7 to 21 p.i. Exudate appeared in the 
abdominal ostia of the tubes and a watery exudate was 
found in the cul-de-sac. A yellowish discharge was seen 
in the posterior vaginal fornix from day 7 p.i. and dur- 
ing the following 2 to 3 weeks. Invariably the paramet- 
ria were normal. The monkeys inoculated with G. 
trachomatis into the uterine cavity after ligature of 
the tubal isthmuses (route B) presented no inflamma- 5 
tory signs in the genital tract. One of the monkeys in : : 
this experiment died on day 14 pi. Autopsy showed 
diffuse peritonitis and perihepatitis with adhesions be- 
tween the peritoneum and the anterior surface of the 
liver. 7 

Histologic findings. All nine monkeys that showed 
macroscopic signs of inflammation after infection with 
M. hominis, viz, monkeys injected with inoculum di 
rectly into the uterine tubes or by routes B and C, had 
inflammatory changes in the sections of the parametria 
and the tubes. The lesions were characterized by 
edema and hyperemia together with intense infiltration 
of lymphocytes and a variable number of heterophilic 
granulocytes in the parametria and in the subserosa of 
the tubes, extending into the superficial layer of the 
tubae muscularis. The tubal epithelium was intact, and 
no exudate or adhesions of the mucosal folds were ob- 
served. In the monkeys in which the gross appearance 
of the internal organs was practically normal, viz, 
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Fig. 1. Section of a parametrium of a monkey infected in the uterine cavity with M. homin 
ligature of the tubal isthmuses and curettage of the endometrium (4 
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on the day of inoculation, 





showing normal parametrium, and (B) on day 7 p.i., showing marked inflammatory changes charac- 
terized by edema and infiltration with a great number of lymphocytes. (Hematoxylin and eosin, 


Original magnification x 100.) 


monkeys inoculated by route A, there was slight 
infiltration of leukocytes in the subserosa of the tubes. 
The alterations of the parametria were characterized 
by minimal infiltration of lymphocytes in the subserosa 
(Fig. 1). 


In the monkeys in which inoculation of C. trachomatis 





provoked gross lesions of the fallopian tubes, viz., 


monkeys injected with inoculum directly into the tubes 
or by routes A or C, the histologic findings were charac- 
terized by a marked inflammatory infiltrate involviag 
the mucosal epithelium, which was injured in some 
areas. An exudate with inflammatory cells and some 
desquamated cells was present in the lumina of the 
tubes (Fig. 2). 
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Fig. 2. Section of a tube of a monkey inoculated with C. trachomatis into the uterine cavity (A) on day 3 
p.t., showing pronounced inflammatory infiltrate in the subepithelial tissue and partly in the epithe- 
lium, and (B) on day 7 p.i., showing pronounced inflammatory infiltrate in the tubal epithelium and 
in the subepithelial tissue. The epithelium is injured in some areas, and the tubal lumen contains an 
exudate mostly of lymphocytes and desquamated cells. (Hematoxylin and eosin. Original magnifica- 


tion x 100.) 


Two months after the inoculation the lumina of the 
tubes were diminished, the tubal epithelium was flat- 
tened, and adhesions occurred between the mucosal 
folds in some animals. The parametria showed no mi- 
croscopic signs of inflammation throughout the inves- 
tigation period. 

Antibody studies. In all monkeys with upper genital 


tract infection caused by M. hominis, IHA antibodies to 
this organism developed on days 7 to 12 p.i. A fourfold 
or greater rise in antibody titers occurred during the 
following 2 weeks. The antibodies persisted for at least 
2 months after the inoculation. Different tests for the 
detection of serum antibodies to M. hominis in the grivet 
monkeys were compared. These tests included [HA, 
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, 
MI, IMF, and modified Cl tests. The IHA was found to 
be superior to the other methods used.’ Thus, a four- 
fold rise in IHA antibody titers was observed in all 
monkeys, the increase first being demonstrated on days 
7 to 12 p.i. Maximum titers of 160 to 640 occurred on 
day 20 p.i. This antibody level persisted to day 60 p.i. 
The modified GI and the IMF tests also showed a rise 
in the titers, although less pronounced than that dem- 
onstrated by the IHA, A faster decrease in the titer of 
GI and IMF antibodies was found also. It was not pos- 
sible to detect M. hominis antibodies in the sera of any of 
the monkeys by use of the MI test. 

Antibodies against C. trachomatis developed in all 
monkeys in which salpingitis occurred. Characterist- 
cally, a primary antibody response occurred with an 
IgM to IgG conversion. The IgG antibodies persisted 2 
months after the inoculation while the [gM antibodies 
disappeared after 4.to 6 weeks. 

Cell-mediated immunity. A rise in cell-mediated an- 
tibody, as measured by the blast transformation test, 
was found as early as day 7 after the inoculation in all 
monkeys that developed mycoplasma parametritis. It 
persisted for at least 2 months. No such antibody re- 
sponse could be detected in monkeys infected with C. 
trachomatis. 

Hematology. Characteristically, the erythrocyte sed- 
imentation rate and the blood leukocyte count showed 
only moderate changes during the investigation period 
in monkeys infected with either M. hominis or C. 
trachomatis. 

Controls. The monkeys included as controls pre- 
sented no signs of inflammation in the genital tract 
or elsewhere during the investigation period. The 
body temperature and leukocyte counts remained un- 
changed from preinoculation values. No antibodies de- 
veloped against the organisms in any of the monkeys. 


Discussion 

Nontuberculous salpingitis is, in the vast majority of 
cases, caused by an infection ascending from the lower 
genital tract. In principle, two types of such infections 
are known." In the ' ‘gonococcal” type of salpingitis, the 
organisms are believed to reach the tubal epithelium 
from the cervix via the uterine mucosa by canalicular 
spread. The organisms may attack the tubal epithe- 
lium, producing a superficial inflammation that may 
lead to tubal occlusion. The parametria usually are not 
affected. In the “nongonococcal” type of salpingitis, the 
organisms primarily invade the genital organs through 
lesions in the cervical epithelium or the uterine endo- 
metrium and spread via blood vessels and lymphatics to 
the parametria and possibly to the subserosa of the 
uterine tubes. However, the tubal epithelium usually is 
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unaffected. In the very acute stage, the tubes may be 
swollen and hyperemic. | 

The present study shows that in monkeys M. hominis 
may spread via lymphatics and blood vessels to the 
parametria, producing parametritis and inflammatory 
changes of the outer layer of the uterine tubes. How- z 
ever, C. trachomatis may spread from the cervix cana- 
licularly via the uterine mucosa, producing inflamma- 
tory reaction in the tubes with partial destruction of the 
tubal epithelium, 

The possible pathogenicity of M. fermentans® and 

Ureaplasma urealyticum® in the genital tract of female 
grivet monkeys has been investigated i in previous stud- 
ies. M. fermentans was found to produce inflammation 
in the parametria by lymphogenous/hematogenous 
spread from the cavum uteri or the cervical epithelium. 
The appearance of the inflammatory reaction, both 
grossly and microscopically, resembled that of the le- 
sions aoa by M. hominis, although the inflamma- 
tion was less pronounced. From a clinical point of 
view, o parametritis provoked by M. fermentans is less 


important than the M. hominis =pr ‘oduced inflammation 


because M. fermentans seldom inhabits the genital tract. 
Attempts at producing salpingitis experimentally with 
U. urealyticum in grivet monkeys have been unsuc- 
cessful, 

In some of the monkeys with chlamydia apogi 
the tubal epithelium showed inflammatory alterations 2 
months after the inoculation, ie, thickening and 
adhesions of mucosal folds and reduction of the diame- 
ter of the lumen. Such changes may impede transport 
of a fertilized ovum and thereby impair fertility and 
even cause sterility. They may also increase the risk of 
ectopic pregnancy. 

In monkeys with upper genital tract infection caused 
by M. hominis or C. trachomatis, a significant rise in titer 
to the organism was present. In a few studies concern- 
ing women with acute salpingitis, such a change in 
serum antibodies to these organisms has been demon- | 
strated. Eschenbach and co-workers! showed serocon- 
version in 15 of 74 women with pelvic inflammatory 
disease, but they recovered chlamydiae from the 
peritoneal fluid of only one patient. In a recent inves- 
tigation" we found that 78 of 160 patients with acute: 
salpingitis harbored M. hominis in the cervix, Of these 
160 patients 44 (28%) presented a significant change i in” 
IHA antibodies to M. hominis during the course | of the 
disease. This seems to indicate that M. hominis is m- 
volved in upper genital tract infection in about one 
fourth of all cases of acute salpingitis. Another study” 
describes the histologic findings of the fallopian 
tubes in two patients with salpingitis provoked by C. 
trachomatis. The histologic changes in the tubes are very 
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= milar to those found in the monkeys with experimen- 
: ‘tally induced chlamydia salpingitis. 

_. Both the pathologic changes and the mode of spread 
of the experimentally induced upper genital tract in- 
fec tion by M. hominis in grivet monkeys closely resem- 
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ble those considered characteristic of * ‘nongonococcal” eee 
adnexal inflammation in man, while the ex xperimen-_ 
tally induced €. trachomatis salpingitis resembles the = 
“gonococcal” type. of salpin gitis of women. k 
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In vitro modeling of acute salpingitis caused by 
Neisseria gonorrhoeae 
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Normal human fallopian tube organ sities was used as an in vitro modal to study Neisseria 
gonorrhoeae infections. The effects of various gonococcal colony phenotypes on morphology of the 
epithelium were studied by scanning electron microscopy. After 30 minutes’ incubation, there was 
striking attachment of piliated transparent phenotypes to the epithelium; however, there was no 
obvious pathology. After 24 hours’ incubation, there were microcolony formation, slight swelling and 
hyperplasia of the mucosa, and occasional focal necrosis and sloughing of ciliated cells. Tissue 
from acute salpingitis showed widespread destruction of mucosa, hyperplasia, and crypt formation. 
Duplication of these findings in vitro may require longer incubation and the addition of other host 


factors. (AM. J. OBSTET. GYNECOL. 138:996, 1980.) 


AN UNDERSTANDING OF the pathologic process in- 
volved in the development of acute gonococcal salpin- 
gitis is dependent upon an understanding of the viru- 
lence characteristics of Neisseria gonorrhoeae and the 
host factors that modify or enhance infection. It has 
been shown that colony phenotype influences viru- 
lence.! Opaque colonial variants have been isolated 
from men with gonococcal urethritis? Although this 
colony type presumably is transmitted routinely to 
women and predominates in cervical isolates taken at 
the middle of the menstrual cycle, * itis the transparent 
variant that is recovered from cervical specimens at the 
time of menstruation and from fallopian tube exudates 
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in cases of salpingitis. * In addition, attachment is be- 
lieved to play a role in pathogenesis, and piliated N. 
gonorrhoeae attaches in high numbers to human cells in 
vitro.” 
In this study, the influence of gonococcal-piliation 
and colony opacity/transparency on human explant fal- 
lopian tube tissue was examined by scanning electron _ 
microscopy. Then the changes - were compared with 
changes in fallopian. tube tissue trom a a patient: with 
active Spa, | 








Materials and methods a 
Organ culture. Nor mal hum 
tions and morphologic changes. associated i | 
gonorrhoeae infections. ‘Normal human fallopian tubes _ 
were removed from women undergoing infe 











processed and maintained in standard tissue culture 
medium as described prev iously’ but with slight mod- 
ifications.? The tissues were used within 24 hours and 
rinsed thoroughly with antibiotic-free medium. before | 


embedding in agar to expose the epithelial surface 


only. An attempt was made to determine. early mdr- 
phologic and potential pathologic changes of the mu- 
cosa during infection by varying the incubation times 
of the tissue with gonococci. 


an if allopian tube organ | teh 
culture was used as an in. vitro model to: study interac- . ace 


ae ee 
elective tubal ligations. The tissues were immediately ra, 
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Fig. 1. Scanning electron micrograph of normal human fallopian tube epithehum. The epithelium is 
composed of a regular layer of nonciliated cells interspersed with ciliated cells. (Magnification 
x 1,650; bar equals 20 um.) 
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Fig. 2. Scanning electron micrograph of human fallopian tube isthmus from a case of acute salpin- 


gitis. The epithelium is irregular, hyperplastic, and disorganized. (Magnification x625; bar equals 
40 pm.) 
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Fig. 3. Scanning electron micrograph of human fallopian tube from a case of acute salpingitis. The 

cause of the invaginations and crypt-like formations in the epithelium is unknown. (Magification 

x 1,250; bar equals 20 um.) 

air i 

Fig. 4. Scanning electron micrograph of normal human fallopian tube incubated with Neisseria 

gonorrhoeae (P+ + Tr phenotype) for 30 minutes. Attachment of the gonococci was to ups of microvilli 

of nonciliated, columnar epithelial cells. (Magnification x6,750; bar equals 4 um.) 

+ 









olume 138 Model of N. gonorrhoeae~induced salpingitis 999- 
“Number 7, Part 2 : 











+ 
Fig. 5. Scanning electron micrograph of human fallopian tube incubated 24 hours with Neisseria 
gonorrhoeae. There were areas of focal necrosis and sloughing of ciliated cells. (Magnification x 1,050; 
bar equals 40 um.) 
Z0KY 
+ Re! 
Fig. 6. Scanning electron micrograph of human fallopian tube in organ culture infected with Nei- 
seria gonorrhoeae 24 hours previously. Microcolony formation associated with sli ght swelling of sur- 
rounding columnar cells is demonstrated. (Magnification x 1,750; bar equals 20 um.) 
» 
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Fig. 7. Scanning electron micrograph of human fallopian tube incubated 24 hours with Neisseria 
gonorrhoeae. Bizzare invaginations of ciliated cells are seen in association with shortening of microvilli 
and slight swelling of nearby nonciliated cells, (Magnification x 8,250, bar equals 4 um.) 


Organisms. The laboratory strain Neisseria gonor- 
rhoeae F62 was used in all studies. Colony phenotypes 
were passaged daily and maintained on modified 
GC agar base.” Phenotypes were selected according to 
Swanson" and those tested included heavily pilated 
opaque (P++Op) and isogenic transparent variants 
(P++Tr). Growths from 16- to 20-hour-old cul- 
tures were used to prepare inocula in supplemented 
Medium 199 (Microbiological Associates, Bethesda, 
Maryland).” 
4x 107 colony forming units/ml. 


An inoculum contained approximately 


Assay. A section of normal fallopian tissue was in- 
oculated with organisms from a particular colony phe- 
notype and incubated for 30 minutes or 24 hours. The 
tissue was rinsed twice after incubation with Medium 
199 to remove nonadherent organisms and was pre- 
pared for scanning electron microscopy (SEM). 

Scanning electron microscopy. Tissues were fixed 
. immediately in 3% glutaraldehyde (Sigma Chemical 
Co., St Louis, Missouri), buffered with 0.1% sodium 
cacodylate (Sigma), at pH 7.0 for 10 hours at room 
temperature. Specimens were dehydrated in ascending 
concentrations of ethanol and dried to critical point 
with liquid CQ, as exchange fluid. Specimens were 
sputter coated with 150 to 200 A of gold and viewed 
with a Cambridge § 150 scanning electron microscope. 

Salpingitis fallopian tissue. A fallopian tube was re- 


covered from a 19-year-old patient with acute salpin- 
gitis. She had a history of one previous episode. of 
gonococcal salpingitis. A culture of fallopian tube exu- 
date obtained by laparoscopy yielded no organisms; 
persistent severe pain indicated treatment failure, and 
the left fallopian tube was removed. A small portion of 
the fallopian tube near the isthmus was prepared for 
SEM as described above. 


Results 


Normal fallopian tube tissue. A scanning electron 
micrograph of normal human fallopian tube epithe- 
lium: maintained in organ culture for 24 hours is seen 
in Fig. L There were ciliated cells interspersed among 
nonciliated columnar cells and surface microvilli were a 
prominent feature. The epithelium was regular and 
fairly ordered; the cells appeared healthy and intact. 
There were no distinct morphologic changes associated 
with the incubation of the tissue in organ culture, and. 
the tissue appeared normal by SEM for 24 hours, i 
grossly for 14 to 2] days. | 7 

Salpingitis fallopian tube tissue. The epithelial sı sur- 
face of a fallopian tube recovered from a patient with 
acute salpingitis is seen in Fig. 2. The epithelium was 
disorganized, irregular, and hyperplastic, . Invagina- 
tions were apparent with “bridge-like” epithelial con- 
nections. The invaginations appeared to deepen and 
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form crypts along the mucosal surface (Fig. 3). Areas of 
hyperplasia usually were seen surrounding the crypts, 
and there also was an apparent lack of cilia on Meany 
cells. 

Organ culture model. Thirty-minute and 24 hour 
incubations of tissue were tested with different Neisseria 
gonorrhoeae colony phenotypes. At 30 minutes, there 
were no distinct morphologic changes of the mucosa 
associated with the presence of the goriococcus of 
either the P++Op or the P++Tr phenotype. How- 
ever, the most striking observation was the enhanced 
attachment of the piliated, transparent phenotypes to 
the microvilli of the noncihated cells (Fig. 4). Ten- to 
100-fold more organisms from P++Tr colony phe- 
notypes.attached to human fallopian tube epithelium 
compared to organisms from P++Op colony phe- 
notypes. 

In one set of experiments, gonococci were allowed to 
attach to fallopian tube epithelium for 4 hours, and 
then nonadherent organisms were removed by rinsing 
with fresh medium. The tissue was returned to fresh 
organ culture medium and reincubated. At 24 hours, 
only subtle yet distinct morphologic changes coulc be 
discerned. For tissues incubated with gonococci from 
either transparent or opaque colonies, there were areas 
of focal necrosis and sloughing of ciliated cells, and 
slight hyperplasia (Fig. 5). The formation of gonococ- 
cal microcolonies could be observed on the tissue inocu- 
lated with organisms from P++Tr pheonotypes (Fig. 
6). Surrounding the microcolonies, areas of slight swell- 
ing of the columnar cells were suggested by distinct, 
separate cell borders. Occasionally, bizzare invagina- 
tions of single ciliated cells could be seen (Fig. 7). The 
cells appeared to be withdrawing beneath the level of 
the surrounding nonciliated columnar cells. The cause 
of the phenomenon was not discernible. In general, 
only minimal correlations could be drawn between the 
morphology of the 24 hour in vitro model and the 
pathology of the salpingitis tissue. 


Discussion | 

The acute inflammatory process of salpingitis often 
is associated with serious, chronic sequelae.’® Involun- 
tary infertility is one of these sequelae, and it presum- 
ably is due to scarring, fibrosis, and occlusion of the 
fallopian tubes. The SEM of salpingitis tissue pre- 
sented here dramatically demonstrates the destruction 
of the mucosa and its lack of structural integrity asso- 
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ciated with this inflammatory process. There were hy- 


perplasia, sloughing of ciliated cells, and inflammatory 
exudate present on the epithelium. The presence of 
invagination and crypt formation in the diseased tissue 
may provide an explanation for the increased risk of 
ectopic pregnancy associated with repeated episodes of 
salpingitis. In this patient, we were unable to culture 
any organisms from fallopian tube exudate obtained by 
laparoscopy, and the scanning electron micrographs 
revealed no potential etiologic agents. Thus, it was not 
clear what agent(s) caused the destruction of the 
mucosa. | . | 
_An interesting observation is that colony phenotypes 
of N. gonorrhoeae recovered from fallopian tube eku- 
date are predominantly transparent? and that, in the 
fallopian tube organ culture model, the gonococci from 
piliated, transparent colonies are the most adherent to 
the epithelium.’ This suggests that gonococci from the 
transparent phenotypes may be more significant in the 
invasive process of salpingitis than organisms from 
opaque phenotypes The ability of N. gonorrhoeae to vary 
its phenotype froin opaque to transparent has been 
described for cervical isolates,’ and may be important 
in selection of the invasive form. The environmental 
and host factors that control the opaque/transparent 
shift are not known. Further studies are warranted to 
elucidate the host factors that promote the in vivo ex- 
pression of transparent phenotype. 
Attachment appears to be an important event in 
pathogenesis. At 30 minutes’ incubation, numerous or- 


` ganisms from P++Tr colony phenotypes could be seen 


attached to “microvilli. Organisms from P++Op col- 
onies also attached, but ten- to 100-fold less frequently. 
A factor or surface property, other than pili, of the 
transparent phenotypes may be responsible for en- 
hancec attachment of this phenotype to fallopian tube 
epithelium. The nature of the factor(s) is not known. 

Fina‘ly, the initial investigations of pathologic changes 
associated with the infection of human organ culture 
have produced data showing that at 24 hours only 
slight typerplasia and areas of focal necrosis were seen. 
Crypt formation and invaginations of the epithelium 
were not observed. To produce these results in the 
organ culture model may require longer periods of in- 
cubaticn and the addition of other host factors such as 
serum components, lymphocytes, and polymorphonu- 
clear cells. 
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Host defenses in acute pelvic inflammatory disease 
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I. Bacterial clearance in the murine uterus and oviduct 


"~ 


Bacterial clearance in the uterine horn and oviduct as a host defense in acute pelvic inflammatory 
disease was studied in 8- to 12-week-old virgin Balb/c mice. Quantitative cultures of organ 
homogenates were determined at various intervals following intrauterine injection of a standard 
inoculum of E. coli by micropuncture technique. The effect of uterine horn ligation and of estrus 
cycle of inoculated mice was evaluated also. Mean bacterial counts in the uterine horn were 
significantly higher than in the contiguous oviduct (p < 0.005), suggesting a barrier function of the 
uterotubal junction for bacterial passage into the oviduct. Our data suggest a protective role for the 
uterotubal junction, and demonstrate the influence of uterine obstruction and estrus cycle on 
bacterial clearance of the oviduct. (AM. J. OBSTET. GYNECOL. 138:1003, 1980.) 


THE UTERINE HORN and oviduct of virgin Balb/c 
mice are normally sterile, suggesting that intact bacte- 
rial clearance mechanisms may be operative at these 
sites. To test this hypothesis, the rate of bacterial cear- 
ance in the uterine horn and oviduct of virgin Balb/c 
mice was determined by quantitative culture of organ 
homogenates, following intrauterine injection of a 
standard inoculum of E. coli by micropuncture tech- 
nique. Intrauterine inoculation with bacteria also al- 
lows assessment of the role of the uterotubal junction as 
a barrier to bacterial passage into the contiguous 
oviduct. The effect of uterine horn obstruction and the 
influence of the estrus cycle of inoculated mice on bac- 
terial clearance were evaluated also. 
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Material and methods 


Study bacteria. A clinical isolate of E. celi (No. 303, 
serotype 0:75) known to be resistant to mouse serum! 
was used. The organism was isolated on Mueller- 
Hinton agaz and subcultured in defined minimal medi- 
um [K,HPO,, 14 gm/L; KH,PO,, 6 gm/L; (NH4): SOs, 
2 gm/L; citric acid, 0.42 em/L; MgSQ,, 0.2 gm/L; glu- 
cose, 5 gm/L; and casamino acid, 2.5 gm/L] for 18 
hours. Prior to animal inoculation, the organism in late 
logarithmic phase was centrifuged and resuspended in 
ice-cold phosphate-buffered saline, pH 7.4, at a final 
concentration of 10° bacteria/ml. 

Animal inoculation. Virgin female Balb/c mice, 8 to 
12 weeks of age (Canadian Breeding Laboratories, 
Montreal, Quebec), were anesthetized with pentobarbi- 
tal (50 mg/kg intraperitoneally), and the left ovary, 
oviduct, end distal uterine horn were exteriorized 
aseptically tarough a lateral flank incision. Under a dis- 
secting microscope, 10 ul of bacterial suspension (ap- 
proximately 107 colony forming units) were injected 
into, the midportion of the exposed uterine horn by use 
of a stliconized glass micropipet with an external tip 
diameter of 20'to 25 u. The incision wound was closed 
and the animal allowed to recover. The effect of uter- 
ine horn obstruction on bacterial clearance was studied 
by placement of a permanent 7-0 surgical silk ligature 
around the uterine horn before injection of bacteria 
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Fig. 1A. Rates of bacterial clearance [mean log colony forming 
units (CFU)m] + SD] from the uterine horn and contiguous 
oviduct at various intervals following intrauterine inoculation 
of E. coli in estrus (A) and metestrus (3) virgin Balb/c mice. 
Number of animals in each group is shown in parentheses. 
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Fig. 1B. See legend to Fig. 1A. 


further distally. The estrus cycle was determined by 
examination of exfoliated vaginal cells stained with 
methylene blue? prior to inoculation and at subsequent 
sacrifice of each animal (see discussion to follow). 

Bacterial quantitation. At various intervals after in- 
jection, animals were reanesthetized, and the inocu- 
lated uterine horn and adjacent oviduct were removed 
separately and homogenized in 3 ml physiologic saline 
(Tri-R tissue homogenizer, Rockville Centre, New 
York). Quantitative cultures of homogenates were per- 
formed in duplicate by serial dilution and pour-plate 
technique. Bacterial counts were expressed in log 
counts per milliliter of homogenate. 


Results 


The rates of bacterial clearance from the uterine 
horn and contiguous oviduct at various intervals fol- 
lowing intrauterine inoculation are shown in Fig. 1A 
for estrus mice and in Fig. 1B for metestrus mice. [m- 


mediately after intrauterine inoculation of E. coli, mean 


- 


December 1, 1980 
Am. J. Obstet. Gynecol. 


Table I. Effect of estrus cycle on paired differences 
in.utsrine and oviduct bacterial counts immediately 
following intrauterine inoculation with £. col:* 






With uterine ® 
obstruction 


Without uterine 
obstruction 


. 
* 

. 

` 

« 
i 


Estrus mice 1.90 + 0.81 4.66 + 2.31° 
(7)t (17) 

-M2testrus mice 3.01 + 1.37 3.51 + 1.88 
(8) (16) 

Rank sum (p) <0.05 NS 


*Expressed as mean log difference colony forming units 
per millilitėr + SD. 

tNumber of animals in each group in parentheses. 

Not significant. 


bacterial counts were significantly lower in the adjacent 
oviduct than the inoculated uterine horn for both es- 
trus and metestrus mice (p < 0.005, paired t test, two- 
tailed). This suggests that the uterotubal junction main- 
tained a definite barrier for bacterial passage into the 
oviduct immedia-ely after intrauterine inoculation. 
The mean difference in bacterial counts between the 
uterine horn and its adjoining oviduct was significantly 
jowez in estrus m:ce than in metestrus mice in the ab- 
sence of uterine obstruction (p < 0.05, rank sum test, 
Table 1). This suggests that the uterotubal barrier is 
less effective during estrus than metestrus, although 
this difference is not observed after inoculation in ani- 
mals with uterine horn obstruction (Table 1). In the 
uterine horn, mean counts in metestrus mice were sig- 
nificantly reducec as early as 24 hours after inoculation 
(Fig. 1B), while in estrus mice significant reduction in 
bacterial counts was delayed until 3 days after inocu- 
lation (Fig. 1A). Mean counts in the oviducts of both 
estrus and metestrus mice were not significantly 
reduced until 6 days after inoculation. Viable E. coli was 
eliminated completely from both uterine horn and ovi- 
duct in almost all animals at 14 days after inoculation. 
Tne patterns o? bacterial clearance in the presence of 
uterine obstruction in mice inoculated during estrus 
are depicted in Fig. 2A (uterine horn clearance) and 
Fig. 2B (oviduct clearance), and contrasted with pat- 
terns in mice without uterine obstruction. Similar pat- 
terns were observed for metestrus mice that are not 
depicted here. Notably, mean bacterial counts again 
were significantly lower in the oviduct compared to the 
uterine horn immediately following intrauterine inocu- 
lation (p < 0.001, paired t test, two-tailed). This sug- 
gests that the uterotubal junction. maintained a definite 
barrier for bacterial passage into the oviduct, even Ih 
the presence of uterine obstruction. However, sig- 
nificant reduction of bacterial counts in the obstructed 
uterine horn was delayed until 6 days compared to 3 
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days in unobstructed animals (Fig. 2A). Significant vi- 
able counts remained in the obstructed uterine horn 
even at 14 days after inoculation. With uterine horn 
pbstruction, mean bacterial counts in the oviduct sig- 
nificantly increased at 3 days after inoculation (p < 0.01, 
unpaired t test, two-tailed, Fig. 2B) in contrast to counts 
in mice without uterine obstruction which decreased. 
Bacterial clearance in the oviduct did occur at 6 days 
after inoculation despite uterine horn obstruction, al- 


though significant counts still remained at 14 days. All 


animals remained clinically well prior to sacrifice, and 
no evidence of active infection was noted in the pelvic 
peritoneum or genital tract at harvest. 


Discussion 


The pathogenesis of acute PID is poorly understood, 
although ascending infection by direct spread of or- 
ganisms from the cervix is believed to be the common 
route. Surprisingly, little is known about host defenses 
against microbial invasion in the human upper genital 
tract. Since these sites normally are sterile, intact bac- 
terial clearance mechanisms must be operative in the 
normal host. 

Our studies indicate that in virgin Balb/c mice, bac- 
terial clearance occurs both in the uterine, horn and the 
oviduct, although clearance in the latter is delayed. 
Furthermore, the uterotubal junction appears to have a 
protective role by serving as a definite barrier for bac- 
terial passage into the oviduct from the adjoining uter- 
ine horn. More importantly, these studies demonstrate 
the influence of the estrus cycle and uterine obstruction 
on bacterial clearance in the oviduct. Our data also 
suggest a detrimental effect of the estrus phase on the 
barrier role of the uterotubal junction. These findings 
are in keeping with previous observations during in- 
sufflation studies that the uterotubal junction is an ef- 
fective barrier in the mouse? and rat,? and that the 
opening pressure may vary with the stage of the estrus 
cycle.‘ It is of interest that the high incidence of sal- 
pingitis in cows has been ascribed to an ineffective bar- 
rier function of the uterotubal junction.’ Further stud- 
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Fig. 2A. Rates of bacterial clearance (mean log CFU/ml + SD) 
from the uterine horn (A) and contiguous oviduct (B) in estrus 
mice with or without uterine horn obstruction. Number of 
animals in each group is shown in parentheses. 
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Fig. 2B. See legend to Fig. 2A. 


ies should be initiated to elucidate the mechanism of 
bacterial clearance in the upper genital tract, including 
the potential role of mucociliary function, oviductal 
fluid, secretory immunoglobulins, as well as phagocytic 
and cellular immune systems. Better understanding of 


the interactions between microbial and host factors is 


clearly needed in order to provide a more rational and 
effective approach to prevention and treatment of 
acute PID. 
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CLINICAL SPECTRUM 





Differential diagnosis of acute pelvic 


inflammatory disease 


LENNART JACOBSON, M.D. 


Kristianstad, Sweden 


Laparoscopic investigations have shown that clinical symptons ard signs in cases of acute pelvic 
inflammatory disease (acute salpingitis) show considerable variation and seem to a great extent to 

be nonspecific. Diagnosis based on clinical criteria alone is, therefore, unacceptably unreliable. 

Different intrapelvic disorders and acute infections limited to the lower genital tract (LATI) represent 
substantial differential diagnostic problems. The routine use of laparoscopy is currently the best 

method for solving these problems but its broader application is restricted by several factors. 
Determination of specific genital isoamylases obtained at vaginal puncture of the cul-de-sac seems 

to represent a promising and specific laboratory test for differentiating between acute PID and LGTI : 
that simulates acute PID. (AM. J. OBSTET. GYNECOL. 138:1006, 1980.) 


THE TRADITIONAL view of acute pelvic inflammatory 
disease maintains that its clinical characteristics are 
fairly uniform and definable on the basis of history, 
physical examination, and common laboratory tests. 
The major differential diagnostic problem is thought 
to concern the diagnosis of PID vs. acute appendicitis. 
The “classical” set of clinical criteria for PID, listed in 
Table I, is well known and has proved to be “durable” 
through the years. However, the criteria may be 
criticized on the basis of their reversed logic, in which 
the disorder has been made to fit the criteria estab- 
lished for it and not vice versa. 

During the 1960s, a series of systematic laparoscopic 
studies on acute PID were conducted by Falk! and by 
Westrom and me,” ? at the University Departments of 
Gynecology in Lund and Malmo, Sweden. These stud- 
ies resulted in a considerably revised view of both the 
clinical manifestations of acute PID and the problems 
of differential diagnosis. These investigations were 
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part of an extensive project, initiated by Sjövall, head of 
the Department in Lund; the purpose of this project 
was to develop laparoscopy as a simple and routine 
procedure to be fully integrated into gynecologic pro- 
cedures as a whole. This policy has been accepted sub- 
sequently by every gynecology department in Sweden. 

Our most extensive and detailed study included all 
cases of acute salpingitis visually verified at the De- 
partment in Lund during an 8 year period from 1960 
threugh 1967.° This article is based primarily on that 
stucy. 

The basic design of the study involved the evaluation 
of the effectiveness of classical criteria in diagnosing 
acute PID as compared with the results of laparoscopy. 
The medical setting within which the study tock place 
provided the opportunity for detecting the existence of 
all cases of acute PID, even including those originally 
receiving a different, tentative diagnosis on clinical 
grounds. 

For special purposes of the study the most probable 
diaznosis was established through careful examination 
by experienced clinicians and was formally registered 
prior to laparoscopy, which took place within 24 hours 
and before any treatment was started. 

Table II summarizes the data. Among the 814 cases 
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Table I. “Classical” clinical criteria of acute PID 


. Acute pelvic pain of a few days’ duration 
. Fever of 38° to 39° C 

. Tender adnexal swelling or mass 

ESR 

WBC count 


ARO ND Re 


elevated in blood 


Table II. Comparison of laparoscopic findings in 
patients with presumptive clinical diagnosis of PID 







Visual diagnosis (no.) 











Other No ` 





Presumptive pelvic pelvic 
clinical diagnosis disorders | pathology 
Acute PID 814 532 98 184 
Other than acute PID 91 91] 
Total 623 


of suspected acute PID, laparoscopy results were true 
positive for 532 of these. The diagnostic accuracy of 
the clinical criteria was 65%. 

The overall accuracy rate for diagnosing acute PID 
on the basis of clinical criteria did not improve during 
the 8 year course of the study, despite very close azten- 
tion paid to those patients. Subsequent investigations 
done by us and others using a similar study design also 
have shown that it seems almost impossible to exceed 
the 65% accuracy level mentioned. With the exception 
of the figure of 89%, recently reported by Sweet and 
his associates* for a small and selected series of 29 cases, 
the clinical diagnostic accuracy generally has been 
found to be lower than 65%, and even as low as about 
50%. 13 

What are the reasons for this unacceptably low diag- 
nostic accuracy when using clinical criteria, and what 
other disorders constitute the main differential diag- 
nostic errors? As seen in Table I, three groups of pa- 
tients could be distinguished. 

Group 1—false positive PID but other pelvic disorders: 
There were 98 (12%) patients with clinically suspected 
PID in whom laparoscopy revealed other pelvic 
disorders. 

Group 2—false negative PID: There were 91 cases in 
which acute PID was not suspected clinically but 
laparoscopy or occasionally laparotomy demonstrated 
the true diagnosis. These patients constituted 15% of 
the total 623 PID cases. 

Group 3—false positive PID and no pelvic pathology: 
There was a large group of 184 patients (23%) in whom 


the clinical assumption of PID was not substantiated - 


upon laparoscopy and absolutely no intrapelvic pathol- 
ogy was found. 
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Table HI. Laparoscopic findings in patients with 
false positive clinical diagnosis of acute PID but 
with pelvic disorders other than PID 


Laparoscopic findings No. 
Acute appendicitis 24 
Encometriosis 16 
Corpus luteum bleeding 12 
Ectopic pregnancy 1] 
Pelvic adhesions only 7 
Benigr. ovarian tumor 7 
Chronic salpingitis 6 
Miscellaneous T6 
Total 8 


Table IV. Laparoscopy/laparotomy diagnoses in 
patients with false negative clinical diagnosis of acute 
PID by laparoscopy 


Visual diagnosis: 


Clinical diagnosis acute PID (no.) 


Ovarian tumor 20 
Acute appendicitis 18 
Ectopic pregnancy 16 
Chronic salpingitis 10 
Acute peritonitis i 6 
Endometriosis 5 
Uterine myoma 5 
Uncharacteristic pelvic pain 5 
Miscellaneous 6 
Total 91 


The details regarding group | are listed in Table III. 
The main differential diagnostic errors involved 
acute appendicitis, pelvic endometriosis, and in- 
trapelvic bleeding due to various causes (ectopic preg- 
nancy, corpus luteum hemorrhage, retrograde men- 
struation). Also, sequelae of previous acute PID, i.e., 
chronic salpingitis and adhesions, occasionally stimu- 
late acute PID, as did benign ovarian tumors. 

Table IV illustrates the opposite diagnostic discrep- 
ancy (group 2). Again, acute appendicitis, intrapelvic 
bleeding, chronic inflammatory conditions, and endo- 
metriosis constituted the major differential diagnostic 
difficulties. However, acute PID frequently was mistak- 
en for an ovarian tumor on clinical grounds. These two 
groups represent diagnostic mistakes which, if not cor- 
rected by laparoscopy (or laparotomy) may involve 
serious consequences for the patients. 

Group 3—those cases showing no intrapelvic pathol- 
ogy at all—was the largest and perhaps most surprising 
group, consisting of about one fourth of all patients 
suspected of having acute PID. In order to evaluate the 
effectiveness of the classical clinical criteria in identify- 
ing acute PID, the frequency of these symptoms and 
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symptoms and signs 


acute low abdominal pain 
increased vaginal discharge 
fever >38°C 

irregular bleeding 


urinary symptoms 


adnexal tenderness 
adnexal swelling / mass 


ES.R. > 15 mm/hr 


Fig. 1. Comparison of frequency of symptams, signs, and -aboratory findings between patients with 
acute PID (dotted bars) and suspected PID without pelvic pathology (open bars) by laparoscopic exami- 


nation. 


Table V. Duration of pain in patients with visual 
_ confirmation of acute PID by laparoscopy 





Days 
% in study by 29 23 18 3 > A 
Falk! (n = 283) 
% in study by 31.5 15 49 8 10 16.5 
Westrom” et al. 
(n = 623) 


signs was compared for the 623 true positive vs. the 184 
false positive cases involving no pelvic pathology (Fig. 
1). By and large, the traditional clinical criteria for PID 
were found to exist as frequently in the group with no 
intrapelvic pathology as in the true PID group. A 
statistically significant increase of symptoms in the PID 
group was found only for fever, palpable adnexal swel- 
ling or mass, and elevated erythrocyte sedimentation 
rate (ESR). However, as evident, the frequency of these 
characteristics in the “no intrapelvic pathology” group 
was too high to allow these variables any differential 
diagnostic value on a specific-case level. These findings 
also illustrate the often unrecognized fact that bi- 
manual examination performed even by experienced 
clinicians may be quite unreliable. 

The rather high frequency of menstrual irregu- 
larities in acute PID should be noted. As seen in Fig. 1, 
this symptom was found in approximately 40% of cases 
and may contribute to the fact, mentioned above, that 


clinically PID often is mistaken for ectopic pregnancy, 
and vice versa. 

As also seen in Fig. 1, not even the presence of acute 
lower abdominal pain is a necessary feature of the clini- 
cal p-cture in acute PID. In fact, the duration of pain 
prior to admission may vary greatly, as has been shown 
by Falk! and Westrém" in separate series (Table V). 

It would seem reasonable to assume that patients 
with true acute PID to some extent might be differ- 
entiated clinically from normal subjects clinically sus- 
pected of having PID, by considering the number of 
symptoms and signs presented by the individual pa- 
tient. As seen in Fig. 2, an almost linear correlation was 
found between the number of clinical variables and the 


‘reliability of the clinical diagnosis.* However, this fact 


does not contribute very much to the clinical diagnostic 
efficiency, as patients with many symptoms and signs 
represent but a small fraction of the clientele, and pa- 
tients with few clinical variables often have acute sal- 
pingitis. 

Furthermore, it should be emphasized that the corre- 
laticn between the number and intensity of symptoms, 
on the one hand, and the severity of the tubal 
inflémmation, on the other, may show considerable 
variation for different conditions of various microbio- 
logiz etiologies. Gonococcal salpingitis, even when mild 
and. with a favorable prognosis, often presents with 
multiple symptoms, whereas acute PID caused by other 
microorganisms (particularly chlamydia) may evidence 
few symptoms despite the presence of a severe in- 
flammatory reac:ion of the fallopian tubes. 
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What are the differential diagnoses in patients clini- 


cally suspected of having PID but with normal laparo-, 


scopic examinations? ‘Thorough investigation by Wes- 
jrom and Mardh® has shown that in the vast majority 
of cases (approximately 90%) a lower genital tract in- 
fection (LGTI) of different etiology was present and 
reasonably should account for the clinical symptoms 
and signs. Those findings are interesting for they indi- 
cate that the clinical symptoms and signs recorded in 
verified cases of acute PID did not have their main 
origin in the fallopian tubes per se, but in anatomic 
structures outside the pelvic cavity. 

Thus, two large groups of disorders which contrib- 
ute to the substantial difficulties in the differential 
diagnosis of acute PID could be defined: (1) other 
pathologic intrapelvic conditions of an acute (and also 
nonacute) nature and (2) LGTI of different microbio- 
logic etiology. 

To complete the list, a third group should be added: 
the Fitz-Hugh—Curts syndrome or perihepatitis asso- 
ciated with PID. The syndrome is described as a condi- 
tion in which an exudative inflammation appears in the 
liver capsulé, secondary to the intrapelvic infection, 
and later leaving violin-string adhesions. As the symp- 
toms may simulate acute cholecystitis, the primary 
presence of the acute PID might be concealed. Differ- 
ent authors report the incidence of perihepatitis to be 
within the range of 1% to 30% of all cases of acute PID, 
particularly those of gonococcal etiology.'* 1 The true 
incidence is difficult to evaluate, however, as very few 
reported cases were verified by laparoscopy or laparot- 
omy.'® !7 According to the experience gained from the 


extensive use of routine laparoscopy in Sweden, the 


syndrome is uncommon. 

Thus the current view of acute PID, based on sys- 
tematic laparoscopic investigations, differs in many re- 
spects from the “classical” concept. The overall result 
of our investigations is that the accuracy of diagnosing 
acute PID on the basis of clinical characteristics is unac- 
ceptably low. The major clinical concern, therefore, 1s 
how to improve the accuracy of diagnosis. It would 
seem that the problem may be solved in three ways: (1) 
intensify attempts to extend current knowledge of di- 
agnostic and differential diagnostic facts regarding 
acute PID, (2) extend use of diagnostic laparoscopy, 
and (3) intensify research on other, specific diagnostic 
means. The first point is challenging and is included 
because specific interest and detailed knowledge as to 
differential diagnostic patterns of acute PID still differ 
among all those medical units that are confronted daily 
with such patients. Any steps taken to extend knowl- 
edge and attention in this field will result in diagnostic 
progress. i 
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Fig. 2. Percentage distribution of acute PID cases and sus- 
pected but visually normal cases with regard to nine clinical 
criteria. 


Table VI. Laparoscopic criteria of acute PID 


Minimum criteria: 

1. Erythema of fallopian tube 

2. Edema and swelling of fallopian tube 

3. Seropurulent exudate from fimbriated end or on serosal 
surtace of fallopian tube 

Scoring: 

Mild: minimum criteria; tubes freely movable and patent 

Moderate: minimum criteria more marked; tubes not freely 
movable; patency uncertain 

Severe: inflammatory mass 


No doubt, the routine use of laparoscopy is, for the ' 
present, the most reliable procedure in the diagnosis 
and d:fferential diagnosis of acute salpingitis. Accord- 
ing to Swedish experience,” * '* a correct diagnosis is 
easily obtainable in 95% of cases. In approximately 
4%, pelvic adhesions or borderline criteria of tubal 
inflammation may render the visual assessment of the 
tubes more difficult, and in 1%, the methods fail for 
diverse technical reasons (multiple adhesions, dis- 
tendec intestinal loops, obesity, etc.). Strict criteria for 
the visual evaluation of PID are necessary (Table VI), 
especizlly for a uniform scoring of the inflammatory 
conditions. The complication rate of laparoscopy is 
generally low, and in PID series it is almost nil owing to 
the fact that those patients are mainly young and in a 
good general condition. In our laparoscopy series, in- 
significant complications were encountered in two to 
three per 1,000 cases (extraperitoneal CO, insufflation, 
hematcma of the abdominal wall); in no instance did 
any significant complication occur. 

Laparoscopy may fail in cases of acute salpingitis re- 
stricted to the endosalpinx. The extent of this source of 
error is not known exactly, but it would seem very small 
judged on the basis of the thorough follow-up studies 
by Wesitrom” of all suspected but visually normal cases 
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Table VII. Tentative laboratory tests in diagnosing 
acute PID 


l. Microbiologic determinations 

2. WBC in vaginal wet smear 

3. “Acute-phase” plasma protein determination 
4. Specific genital isoamylases in peritoneal fluid 
5. WBC count in peritoneal fluid 


Table VIII. Peritoneal fluid tests (according to 
Weström and associates!” 13) 


Acute PID 


Quotient between iso- <15 >15 
amylase activity in 
peritoneal fluid and 
serum. ’ 

WBC count in peri- 
toneal fluid (cells/L) 





Visually 
normal 





31-37 x 10° 0.3-1.3 x 10° 


of PID. The frequency of failure may be reduced 
further by the consistent use of a manipulation can- 
nula, inserted next to the laparoscope. Thus the tubes 
can be maneuvered and slightly squeezed.for any small 
amount of exudate. 

‘The main obstacles to the increased use of diagnostic 
laparoscopy are organizational and economical but 
there is'also personal reluctance to use the method at 
many institutions. There is, therefore, no doubt an ur- 
gent need for alternative and specific diagnostic meth- 
ods. Different laboratory tests have been considered 
thus far and are listed in Table VII. 

Bacteriologic (and serologic) determinations do not 
add to the diagnostic or differential diagnostic possi- 
bilities in acute PID. 

As shown by Westrom? in a series of 327 verified 
cases of acute PID and 105 suspected but laparoscopi- 
cally normal cases, the complete absence of white blood 
cells (WBCs) in vaginal wet smears is not consistent with 
acute PID—the presence of WBCs has no differential 
diagnostic value. | 
The ‘reaction of certain inflammatory plasma proteins 
(the “acute-phase reactants” orosomucoid, antichymo- 
trypsin, and C-reactive protein) in cases of acute PID 
and suspected acute PID with normal tubes was inde- 
pendently investigated by Jacobson and colleagues? 
and Westrém” in two series of 72 and 65 patients, re- 
spectively. Increased plasma protein concentrations 
were observed in approximately 75% of the PID cases 
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and in approximately 21% of the patients with LGTI. 
The test is thus statistically somewhat better than ESR 
in cifferentiating those two conditions but it is not 
speafic for acute salpingitis. ‘ 

Determination of specific genital tsoamylases in perito- 
nea. fluid, obtained by vaginal puncture of the Douglas 
pouch, is a new and promising method, recently initi- 
ated by Westrom, Skude, and Mardh.'8 The genital 
isoamylases, which are electrophoretically separable 
from pancreatic and salivary isoamylases, are mainly 
responsible for the amylase activity in peritoneal fluid 
but are not detectable in peripheral blood. In tubal 
inflammation the specific amylases disappear from the 
peritoneal fluid. The decrease was found to be pro- 
portional to the severity of the tubal inhammaton and 
not related to patency or closure of the tubal ostia. In 
laparoscopically normal cases of LGTI, the amylase ac- 
tivity in peritoneal fiuid was normal. The quozient be- 
tween nonpancreatic amylase activity in peritoneal 
fwd and in serum was found to be > 1.5 in nensalpin- 
gitis and <1.5 in acute salpingitis cases. This laboratory 
test is the most specific for acute PID found thus far 
(Table VIII). 

Furthermore, WestrOm and Mårdh’? showed that 
the WBC count in peritoneal fluid, obtained by cul-de-sac 
puncture, differed significantly between verified cases 
of acute PID and clinically suspected, but visually nor- 
mal, cases (Table VIII). Vaginal puncture and deter- 
mination of specific isoamylases and WBC count may 
trus become an alternative method in differentiating 
between acute PID and LGTI, clinically suspezted to be 
acute PID, and might perhaps be applicable as an office 
procedure. However, the methods have to be evaluated 
further. — 

In summary, we conclude, from our data obtained by 
systematic laparoscopic assessment, that diagnosis of 
acute PID based solely on clinical symptoms and signs 
is, on the average, about 60% to 65% accurate. The 
wide range of frequent diagnostic mistakes includes 
intra- and extrapelvic disorders of both a serious and 
benign nature. With any given patient, one is therefore 
very seldom, if ever, justified in feeling confident about 
the diagnosis of acute PID made on the basis of clinical 
criteria. One can only feel more or less uncertain. Un- 
identified and untreated acute PID is no doubt an im- 
Dortant cause of chronic pelvic inflammatory disorders 
and infertility. Great effort therefore has to de made to 
_mprove accuracy in diagnosing-acute PID by increased 
application of specific diagnostic methods. 
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Laparoscopy 1 in the diagnosis and management of 
patients with suspected salpingo- oophoritis 


WILLIAM J. LEDGER, M.D. 
New York, New York 


There is a potential role for laparoscopy in the management of ee with suspected 

salpingo- oophoritis. It would b2 helpful in establishing the diagnosis in patients who are admitted 
with a clinical diagnosis of salpingo-oophoritis. Laparoscopy also would be beneficial in the 
long-term evaluation of fertility of patients treated for salpingo-oophoritis. Finally, this technique will 
delineate the microbiologic details of patients with endosalpingitis. How frequently laparoscopy 
should be employed will be dependent upon findings from a cad studies. (AM. J. Oster. 


GYNECOL. 138:1012, 1980.) 


THERE Is A reluctance among American physicians to 
utilize invasive operative techniques in the diagnosis 
and management of patients with suspected salpingo- 
oophoritis. Conversations with many physician groups 
in this country show-a majority do not even employ 
needle culdocentesis in the evaluation of nonpregnant 
patients with pelvic infection and there is even rarer 
use of laparoscopy for the detailed analysis of such 
cases. There are a number of reasons for this practice 
pattern. Most of these patients are uncomfortable 
when first seen by the physician and there is reluctance 
to perform any diagnostic procedure that would in- 
crease discomfort. Probably. more importantly, most of 
these patients in the United States are treated as out- 
patients, and physicians want to avoid any operative 
procedure that would require admission to the hospi- 
tal. Finally, there is the common physician assumption 
that this complicated diagnostic procedure is not neces- 
sary because antibiotics nearly always cure pingas 
which is not life-threatening. 

Any thought to modify this American pattern of rare 
use of the laparoscope in the diagnosis and manage- 
ment of patients with salpingo-cophoritis must assess 
the risk/benefit ratio of such an alteration. Is there a 
risk to the patient if laparoscopy is to be employed 
more widely? Of course there is. Most investigators 
favor the use of general anesthesia when doing 
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laparoscopy in patients with suspected salpingitis and it 
has been estimated that there will be 4.6 major compli- 
cations per 1 a cases, with a mortality rate of 5.2 per 
100,000 cases. Reports. to date on the evaluation of 
salpingitis with laparoscopy have not detailed unfortu- 
nate outcomes, but these poor end results should be 
expected if more and morë of these diagnostic proce- 


_ dures are done. In addition to these major complica- 


tions, laparoscopy may be impossible to perform in 
some women. To balance these recognizable risks, 
there should be documented patient benefit from the 
widespread use of this diagnostic technique. The po- 


: tential benefits can be categorized into three groups. 


The first is immediate diagnosis. Is there any evidence 
that the current clinical criteria for the diagnosis of 
salpingitis are always accurate? If this 1s frequently an 
incorrect diagnosis, laparoscopy would permit miore 
accurate therapy for individual patients. The second 
potential benefit is in the area of prognostic studies. Is 
there evidence that laparoscopy would aid in the 
evaluation of the long-term fertility of women exposed 
to various methcds of therapy for their salpingitis? If 
so, this could result in better therapeutic strategies in 
such ‘patients in the future. The third potential benefit 
is better microbiologic understanding of the disease. Is 
there any evidence that the microbiologic data obtained 
at the time of laparoscopy will change our understand- 
ing of the pathophysiology. of this disease? 


Immediate diagnosis 


There is good evidence that the current clinical 
criteria for the diagnosis of salpingo-oophoritis are not 
100% accurate, and that they can be improved by the 
use of laparoscopy. Jacobson and Weström,” in 1969, 
authored a comprehensive evaluztion of this subject. 
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Table I. Total material: preexploration 
diagnoses and subsequent visual findings 







Visual diagnosis (no.) 


Acute Other 
No. salpingitis | dssorders 





Ld 
Preexploration 
diagnosis 






Norral 


Acute salpingitis 814 532 98 184 
Other than acute 9l 91 

PID oon pee = comes 
Total 905 623 98 184 


Their criteria for the usual diagnosis of salpingitis de- 
pended upon the presence of three signs: (1) pro- 
nounced hyperemia of the tubal surface, (2) edema of 
the tubal wall, and (3) a sticky exudate on the tubal 
surface and from tne fimbriated ends when patent. 
These criteria have not been accepted universally and 
the concern has been that all these criteria may not 
be met in every woman with endosalpingitis. Hans 
Hirsch* has found hyperemia to be absent at laparos- 
copy in many women with acute salpingitis, and I fear 
that some women with early endosalpingitis may not 
have gross changes on the surface of the tube viewed at 
laparoscopy. With chese potential shortcomings in 
mind, the clinical results of the Swedish study were 
astounding. Table I documents the preexploration 
diagnosis and subsequent visual findings. In only 65% 
of the patients with suspected salpingitis was this 
confirmed, and in 12%, other pathologic conditions 
were found. In 23%, no pelvic pathology was discov- 
ered. Table H lists other pathologic findings in patients 
with suspected salpingitis. Prolonged use of potentially 
toxic antibiotics should be avoided in such women. In 
an evaluation of the helpfulness of various symptoms 
in confirming the clinical diagnosis of salpingitis, only 
fever and proctitis were associated with salpingitis in a 
statistically significant number of cases. Table II] doc- 
uments the populations of women with salpingitis and 
those that had normal visual examinations. There 
clearly are two aspects of these diagnostic inaccuracies. 
The first is the overdiagnosis of salpingius in patients 
with pelvic pain when other clinical problems are pres- 
ent (Table I1). The second is the absence of salpingitis 
in some women with symptomatology associated with 
salpingitis. Table IV documents the frequency of ob- 
jective findings in the salpingitis and visually normal 
groups. Although statistically significant differences 
are noted, these findings are not reassuring clinically 
because of the wide overlaps in the two populations. 
Difficulties in the clinical diagnosis of salpingitis are not 
limited to the Swedish studies. Eschenbach and col- 


*Hirsch, H.: Personal communication. 


Laparoscopy in suspected salpingo-cophoritis 1013 


Table II. Erroneous preexploration diagnoses of 
acute salpingitis—visual findings 


Visual diagnosis . No. 
Acute appendicitis 24 
Pelvic endometriosis 16 
Corpus luteum hematoma 12 
Ectopic pregnancy l1 
Ovarian tumor - 7 
Chronic salpingitis 6 
Mesenteric lymphadenitis 6 
Miscellaneous 16 
Total 98 


leagnes* found 10% of their patients had other diag- 
noses when laparoscopy was employed. A major clinical 
problem in the recognition of salpingitis is the lack of 
fever in many of these women when first evaluated. 
Over 50% of the women in the Swedish study? had fever 
of less than 38° C while Eschenbach and associates“ 
showed fever to be absent frequently in women with 
salpingitis, particularly when an intrauterine device 
was Dresent. It is not known how frequently these pa- 
tients can be identified by needle culdocentesis alone, 
but laparascopy would be a definitive diagnostic tech- 
nique in such women. 

The exact role of laparoscopy in the diagnosis of 
acute sa_pingitis has not been established. It is clear that 
clinical errors are made in both directions. Some cases 
of salpingitis are not diagnosed clinically and some pa- 
tients with otaer conditions are thought inaccurately to 
have salpingitis. The risk/benefit ratio of more wide- 
spread use of this procedure has not been established. 
Since most studies to date have employed general anes- 
thesia in women with suspected salpingitis, it is unlikely 
that there will be great enthusiasm for the evaluation 
by laparoscopy of women ordinarily treated as outpa- 
tents. This is particularly true of patients with afebrile 
salpir.gitis. There may be a wider use of this procedure 
in women sick enough to be treated as inpatients. Since 
admizsion is required and more potent and toxic an- 
tibiot.cs usually are employed, laparoscopy to define 
the diagnosis and the extent of the disease would be a 
more acceptable procedure to American physicians. 
The cverall impact on patient care awaits prospective 
study of a large number of such women. 


Prognosis—the impact of therapy upon human 
childbearing potential 


The vast majority of clinical studies of the treatment 
of wcmen with acute salpingitis have been seriously 
flawed. In addition to the aforementioned concerns 
about proper diagnosis, there is a vast gap in our in- 
formazion about the impact of therapy. Most evalua- 
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Table III. Frequency of various symptoms as reported by the patients in the salpingitis and visually 


normal groups 


Visual diagnosis 
Acute salpingitis Normal with acute PID clinically 
(623 cases) (184 cases) 
Low abdominal pain 585 93.9 173 94.0 NS* 
Increased vaginal discharge 340 54.6 104 56.5 NS 
Temperature >38° C or 257 41.3 36 19.6 <0.001 
chills 

Irregular bleeding 221 35.5 79 42.9 NS 
Urinary symptoms 116 18.6 37 20.1 NS 
Vomiting 64 10.3 17 9.2 NS 
Proctitis symptoms 43 6.9 5 2.7 <0.05 
Other 17 2.7 7 3.8 NS 


*Not significant. 


Table IV. Frequency of various objective findings at admission in the salpingitis and the visually 


normal groups 


Visual diagnosis 
Acute salpingitis Normal with acute PID clinically 
(n = 623) (n = 184) 
Clinical 

Bimanual examination 

Marked tenderness only 573 92.0 ` 160 87.0 <0.05 

Palpable mass or swelling 308 49.4 45 24.5 <0.001 
Erythrocyte sedimentation rate 473 75.9 97 52.7 <0.001 

215 mm/hr 
Abnormal! vaginal discharge 394 63.2 74 40.2 <0.001 
Fever (>38° ©) 205 32.9 26 14.1 <0.001 


Table V. Fertility after salpingitis* 


No. of episodes | Occlusion of tubes 


l 12.8% 
2 35.5% 
=3 75% 


*Data from Westrom, L.: Am. J. OBSTET. GYNECOL. 121: 
707, 1975. 


tions of various methods of antibiotic therapy focus 
upon the immediate clinical response.’ A number of 
measures have been employed. How rapidly do the pa- 
tients become afebrile after the initiation of therapy? 
This may be gauged by the number of days required 
for a return to a normal temperature or by the quantity 
of fever as measured by the fever index in degree- 
hours.® Another evaluation is the loss of lower abdomi- 
nal and pelvic pain. This is particularly helpful in the 
patient who is afebrile at the onset of therapy. Another 
frequently employed measure is the disappearance of 
pelvic masses after therapy. All of these measures are 


helpful in the assessment of the patient’s general well- 
being, but they do not give information on the most 
significant endpoint of therapy, the future fertility of 
these treated women. There is good evidence that this 
is adversely affected in many patients because of irre- 
versible damage to the tubes. One study demonstrated 
an increasing incidence of infertility resulung from 
tubal damage after repeated episodes of salpingitis’ 
(Table V). This information is needed in the assessment 
of treatment regimens for women with salpingitis. 
There is good evidence that laparoscopy would be a 
helpful technicue in the evaluation of the outcome of 
therapy in women with acute salpingitis. Two pub- 
lished reports delineate the usefulness of this diagnos- 
tic technique. The first was published in 1965.8 A study 
of the treatment of salpingitis was assessed at that time. 
The hypothesis analyzed was the potential favorable 
impact of adrenal corticosteroids upon the treatment 
of patients with acute salpingitis. Since these agent 
have known antiinflammatory properties, it was postu- 
lated that their routine use would reduce the inflam- 
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matory response and result in a pelvis with less perma- 
nent tubal damage. A similar antibiotic regimen was 
used in all women, with half receiving concomitant 
doses of steroids. All of the commonly employed meth- 
ods of assessment of the acute response to therapy in- 
dicated superiority of the steroid therapy. These 
women became afebrile more rapidly and had more 
rapid resolution of both pelvic pain and pelvic masses. 
Based upon this evaluation alone, the conclusion would 
have to be that steroids should be emploved in such 
women. Follow-up laparoscopy provided a definitive 
answer to the question of treatment efficacy. This pro- 
cedure showed no difference in the end results of ther- 
apy. The incidence of blocked tubes and pelvic adhe- 
sion formation was no different in the two populaticns. 
This follow-up diagnostic procedure exactly defined 
the impact of steroid therapy and dampened any clini- 
cal enthusiasm for the routine employment of these 
potentially toxic therapeutic agents. Recently, laparos- 
copy was employed to evaluate the long-term effective- 
ness of a variety of antibiotic regimens including 
doxycycline, ampicillin, penicillin and streptomycin, or 
penicillin and chloramphenicol.* The hypothesis was 
that one regimen might be more effective than the 
others in preventing permanent tubal damage. Lapa- 
roscopy done after therapy showed no difference in 
the long-term results of the various antibiotic regimens. 
A better outcome was associated with milder infections 
and patients aged less than 26 years. This study does 
not exhaust the possibilities of antibiotic combinations, 
but the lack of difference in clinical response with the 
varied antibacterial coverage of the regimens employed 
does not generate enthusiasm for a best antibiotic ther- 
apy for all patients with salpingitis. More laparoscopy 
data are needed in the future to specifically address this 
question. 


Better microbiologic understanding of salpingitis 


There 1s a great deal of confusion about the micro- 
biologic etiology of acute salpingitis. The major prob- 


*Westrom, L.: Personal communication. 
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lem is the inaccessibility of the internal organs, the fal- 
lopian tubes, for direct microbiologic sampling. A 
number af studies reveal the shortcomings. There is 
poor correlation between endocervical and tubal cul- 
tures.’ This is unforturate because endocervical cul- 
tures are obtained so easily. Attempts to better de- 
linezte the bacterial nature of acute salpingitis have 
emp.oyed peritoneal fluid obtained by needle cul- 
docentesis. The assumption here is that the peritoneal 
fluid. usually is sterile, and that the bacteria recovered 
in women with salpingitis reflect the bacterial nature of 
the =ndosalpingitis. Indeed, Monif and associates’ 
have championed a clinical classification of pelvic 1n- 
fections of erdometritis-salpingitis-peritonitis, based to 
a large extent upon culdocentesis findings. Laparos- 
copy has demonstrated a major gap in the accuracy of 
culdocentesis. This should not have been unexpected 
for o der studies showed a wide variation between tubal 
fluid findings and evaluations of the endosalpinx.” 
Swee: and co-workers have shown marked discrep- 
ancies between peritoneal fluid samples and direct cul- 
tures from the fimbriated ends of the fallopian tubes. 
March and colleagues’* demonstrated recovery of 
chlamydia from biopsies of fimbria at laparoscopy of 
patients with nongonococcal salpingitis. Clearly, these 
will rot be routine diagnostic procedures, but such 
laparoscopy studies will add to our microbiologic under- 
stand ng of salpingitis. Better microbiologic informa- 
tion may guide us to more accurate antibiotic selection. 


Corclusions 


There is a role for laparoscopy in the evaluation of 
women with salpingitis. The extent to which this pro- 
cedur2 should be employed will be dependent upon 
documentation of the risks and benefits in large pro- 
spective studies. I would anticipate more widespread 
use o: this operative technique in women requiring 
hospitalization fer salpingitis. 
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Differences in some clinical and laboratory 
parameters in acute salpingitis related to culture 


and serologic findings 


LARS SVENSSON, M.D.* 
LARS WESTROM, M.D.* 

K. TORVALD RIPA, M.D.** 
PER-ANDERS MÅRDH, M.D.** 
Lund, Sweden 


Women with laparoscopically verified acute sa'pingitis (AS) were studied, and 151 were classified as 
having: chlamydia-associated AS (C-AS), gonococcal-associated AS (G-AS), and nonchlamydial, 
nongonococcal-associated AS (NCNG-AS). Patients with G-AS vere more often febrile (rectal 
temperature >38° C) and more often had a moderately elevated erythrocyte sedimentation rate 
(ESR) (16 to 30 mm/hr) compared to other patients. Women with NCNG-AS were more likely to 
have a normal ESR and a mild inflammatory reaction laparoscopiczally. C-AS women were more 
likely to have had pelvic pain for more than 3 days before seeking treatment and to have an ESR of 
>30 mm/hr on admission. Predisposing factors to AS, such as insertion of intrauterine device, ` 
hysterosalpingography, and curettage within 4 weeks of admissior, were more common in the C-AS 
group. The tubal inflammatory changes in the C-AS group were g=nerally more severe than 
expected from the relatively benign clinical course. (AM. J. OBSTET. GYNECOL. 138:1017, 1980.) 


ACUTE PELVIC INFLAMMATORY disease traditionally 
has been divided into gonococcal and nongonococcal 
PID, based on the results of endocervical cultures for 
Neisseria gonorrhoeae. 

Gonococcal-associated salpingitis differs from non- 
gonococcal disease with respect to abnormal vaginal 
discharge, elevated temperature, and duration of pel- 
vic pain on admission.” ? In several series of PID pa- 
tients the isolation rates of gonococci from cervical 
specimens have varied considerably, viz., between 0% 
and 80%.* 4 | 

In our hospital catchment region cervical gonor- 
rhea in women with acute salpingitis (AS) has de- 
clined from 50% in 1965 to 16.7% in 1979. During 
recent years, cultural and serologic studiés have indi- 
cated that Chlamydia trachomatis is a major etiologic 
agent in acute salpingitis.°-?7 The aim of the present 
study was to evaluate whether the history, clinical pic- 
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ture, and/or laboratory tests such as the ESR in 
chlamydial salpingitis differed from those in gonococ- 
cal salpingitis and/or nongonococcal, nonchlamydial 
salpingitis. 


Material and methods 


Diagnostic procedures, Laparoscopy was performed 


within 24 hours of admission to the hospital. The 


criteria for selecting the patients for laparoscopy, the 
laparcscopic technique, and the criteria for the diag- 
nosis of acute AS were those described earlier.! The 
inflammatory changes in the fallopian tubes were 
graded as mild, moderately severe, or severe, accord- 
ing to a description published elsewhere.® 

The technique used for the diagnosis of C. trachomatis 
was that described by Mårdh and associates.® C. tra- 
chomat:s was cultured on cyclohexamide-treated McCoy 
cells? The method used for the isolation and iden- 
tification of N. gonorrhoeae was that reported by Mardh 
and colleagues." For the demonstration of serum IgM 
and IzG antibodies to C. trachomatis, a modified 
microimmmunofluorescence technique was employed, 
using pools of chlamydial antigen." 

Patient material. Two hundred and forty-five 
women with laparoscopically verified acute AS were 
examined; 94 of these patients were excluded from the 
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Table I. Age distributions of women with chlamydial (C), gonococcal (G), and ea ae, 


nongonococcal (NCNG) es 






Age group (yr) 





<19 93 “33.8 6 31.6 
20-24 28 41.2 8 42.1 
25-29 10° «14.7 9 10.5 
=30 oe 10.3 3 15.8 
Median age 23 Ə 


*Not significant. 














Groups compared Difference (p) » 
19 ` 29.7 All NS* 
15 23.4 C + G/NCNG <0.05 
12 18.8 All NS 
I8 28.1 C + G/NCNG <0.02 
24 


Table II. Duration of pelvic pain before admission in women with chlamydial (C), gonococcal (G), and 


nonchlamydial, Se (NCNG) Loss ne 






l Salpingitis group 










3 © 10’ 14.7 '6 816 94 37.5 C/IG+NCNG ` <0.01 
4-6 19 ° O79 - 5 26.3 10 15.6 All NS* 
7-9 11 16.2 4 91.1 13. 90.3 All. NS 

4 91.1 


> : | 17 26.6: All NS 


=10 28 41.2 


*Not significant. 


study. The 151 AS patients studied were divided into 
three groups: (1) patients with evidence of chlamydial 
(but not gonococcal) infection (C-AS), (2) patients with 
evidence of gonococcal (but not chlamydial) infection 
(G-AS), and (3) patients in whom neither chlamydial 
nor gonococcal infection was diagnosed (NCNG-AS). 

C-AS. The chlamydial group comprised 68 patients. 
N. gonorrhoeae was not isolated from the cervix, the ure- 
thra, the rectum, or the fallopian tubes in these pa- 
tients. Furthermore, they presented one or more of the 
following criteria: (1) a fourfold or greater change in 
titer of IgM and/or IgG serum antibodies to C. 
trachomatis; (2) a titer of IgM antibodies > 1:32 and/or 
IgG antibodies >1:512 to C. trachomatis, and (3) C. 
trachomatis isolated from the fallopian tubes. 

G-AS. This group comprised 19 women. These 
women fulfilled all three of the following criteria: (1) N. 
gonorrhoeae isolated from the cervix, the urethra, 
and/or the fallopian tubes, (2) C. trachomatis not isolated 
from the cervix; the urethra, and/or the fallopian 
tubes, and (3) titers of IgM and IgG antibodies to C. 
trachomatis of <1:8 and <1:64, respectively. 

' NCNG-AS. This group consisted of 64 patients. They 
fulfilled the following criteria: (1) C. trachomatis and N. 
gonorrhoeae not isolated from the cervix, the urethra, 
and/or the fallopian tubes and (2) titers of IgM and 
i IgG antibodies to C. trachomatis of <1:8 and <1: 64, 
respectively. 


Patients excluded. The following patients were ex- 
cluded: 

I, From the C-AS group: patients from whom N. 
gonorrhoeae was isolated from the cervix, the ure- 
thra, the rectum, or the fallopian tubes (n = 8) 

2. From the G-AS group: women from whom C. 
trachomatis was isolated from the cervix, the urethra, 
or the fallopian tubes (n = 7); patients with IgM an- 
tibodies to C. trachomatis of 1:8 to 1:16 and such 
IgG antibodies at a titer of 1:64 to 1:256, SARS: 
tively (n = 12) 

3. From the NCNG-AS group: patients with IgM 
and/or IgG antibodies to C. trachomatis at a titer of 
1:8 to 1:16 and/or 1:64 to 1:256, respectively 
(n = 54) . 

4. Women from whom C. trachomatis was isolated from 
the cervix or the urethra, with IgM and/ or IgG an- 
tibodies to C. trachomatis at a titer of <1:8 and 
<1:64, respectively (n = 13) 
= Anamnestic, laboratory and clinical data. The fol- 

lowing data were recorded: age, ‘gravidity, earlier 

episodes of AS (laparoscopically confirmed) and lower 
genital tract infection (LGTI), contraceptive method 
used, duration of pelvic pain before seeking treatment, 
complaints of increased vaginal discharge, irregular 
bleeding, urgency and/or pain at micturition, febrile 
illness (rectal temperature >38° C) and erythrocyte 
sedimentation rate (ESR in millimeters per hour) on 
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Table III. ESR on admission in women with chlamydial (C), ue (G), and nonchlamydial, 


nongonococcal (NCNG) salpingitis 






ESR (mmI|hr) 





=15 6 2 10.5 
16-30 18 26.5 ll 79 
>30 44 64.7 6 31.6 


Saifingitis group 










Groups compared Difference (p) . 
34 53.1] C/NCNG <0.001 
G/NCNG <0.01 
18 28.1 C/G | <0.05 
NCNG/G <0.05 
12 18.8 C/G <0.05 
: C/NCNG <0.001 


Table IV. Laparoscepic appearance of the tubes of women with en (C), gonococcal (G), 


and nonchlamydial, a (NCNG) salpingitis 


ape ii group 














Inflammatory = 
reactions of the tubes eae rep Groups compared _ Difference (p) 
Mild 15 22.1 5 26.3 34 53.1 NCNG/C <0.001 

l NCNG/G <0.05 
Moderately severe 30 44.1 7 36.8 17 26.5 All NS 
Severe 23 33.8 7 36.8 13 20.3 . All NS 


Table V. Distribution of some parameters in women with chlamydial (C), cals (G), 


and nonchlamydial, nongonococcal (NCNG} pa at 


Salpingitis group 
C (n = 68) G (n = 19) NCNG (n = 64) 






Never pregnant 34 50.9 9 
Previous LGTI 18 26.5 5 
Previous salpingitis. 14 20.6 l 
Increased vaginal discharge 51 75.0 14 
Irregular bleeding 27 39.7 5 
Urgency, frequency, and/ 1] 16.2 3 


or pain at micturition, 

Contraceptive method used 
IUD 28 41.2 11 
OCT 16 23:5 3 


*Not significant. . 


+ Oral contraceptive. 


admission, and the degree of inflammatory changes in 
the fallopian tubes. 


Predisposing factors for AS, such as insertion of an 


intrauterine device (IUD), curettage, or hysterosalpin- 
gography (HSG) within 4 weeks of admission, were re- 
corded also. 

. Statistical methods. The Yates correction of the chi- 
square test and Fischer's exact test were used. 


Results | 
Teenagers made up approximately one third of the 
patients in each of the three AS groups (Table J). In the 










Groups compared Difference (p) 

474 $7 422 A NS* 
26.3 25 39.1 All | NS 

5.3 9 14.1 All NS 
73.7 37 57.8 C + G/NCNG <0.05 
26.3 19 29.7 All NS 
15.8 12 18.6 All NS 
57.9 22 34.4 All NS 
15.8 11 17.2 . All NS 


group aged 20 to 24 years, significantly more women 


belonged to the C-AS and G-AS groups than to the 
NCNG-AS group. More women were >30 years of age 
in this latter group than in the two other groups. 

The patients in the G-AS and NCNG-AS groups 
more o-ten had a short (<3 days) period of pelvic pain 
before seeking treatment compared to those in the 
chlamydia group (Table II). A high ESR (> 30 mm/hr) 
was noted significantly more often in.the C-AS group 
thani in zhe other two groups (Table-III). A normal ESR 
(<15 mm/hr) was observed significantly more often in 
the women in the NCNG-AS than in the C-AS and 
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Table VI. Relation between the titer of serum IgG 
antibodies to C. trachomatis and isolation of the 
organism from the cervix in women with 
chlamydial associated salpingitis 





C. trachomatis 


Isolated. Not tsolated 
; (n = 23) _ (n=26! 





Difference 
(p) 


=64 12 5 <0.05 
128-256 6 4 NS* 
2512 5 17 <0.01 


*Not significant. 


G-AS groups. Mild inflammatory changes in the fallo- 
pian tubes were significantly more common in the 
NCNG-AS group than in the C-AS and G-AS groups 
(Table IV). In the G-AS group, 14 of 19- patients 
(73.7%) had febrile illness (rectal temperature > 38° C) 
on admission. The corresponding figures in the C-AS 
group were 15 of 68 (22.1%) and in the NCNG-AS 
group, 19 of 64 (29.7%). These differences were sig- 
nificant (p < 0.001 and p < 0.01, respectively). 

No significant differences between the three groups 
studied were observed regarding previous AS and 
LGTI or the type of contraceptive used at the time of 
infection (Table V). An increased vaginal discharge was 
reported by significantly more patients in the C-AS and 
G-AS groups than in the NCNG-AS group. 

Insertion of an IUD, curettage, or HSG within 4 

weeks of admission was significantly more common 
in the C-AS group than in the other two groups 
(p < 0.05). Such a measure had been undertaken in 
17.3% of the C-AS patients and in 6.3% of the 
NCNG-AS patients, whereas none of the G-AS women 
had. undergone such measures. 
_ In the C-AS group there was an inverse relationship 
between the serum IgG antibody titer to C. trachomatis 
on admission and the isolation of this organism from 
the cervix (Table VI). C. trachomatis was isolated sig- 
nificantly more often from those patients who, on ad- 
mission, had an IgG antibody titer of <1:64 than in 
those with a titer of >1:512. 


Comment _ 

To establish the microbiologic etiology of acute sal- 
pingitis by using culture and/or serologic techniques is 
time-consuming and cannot be performed in all in- 
stances. Therefore the clinician’s initial therapeutic 


decisions often must be based on “bedside” clinical . 


findings. Because chlamydia salpingitis is socommon* 7 
it seemed worthwhile to evaluate whether the clinical 
picture and/or laboratory results presented by women 
with C-AS differed from those of G-AS and NCNG-AS 
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patients. In order to present; insofar as possible, pa- 
tients with evidence of purely chlamydial, purely gono- 
coccal, and neither chlamydial nor gonococcal etiology 
for their infections, 94 (38.4%) of the cases weré 
exc.uded, In these 94 patients the etiologic findings 
were equivocal. | 

The 151 women studied were divided into 58 cases 
wita evidence of chlamydial etiology, 19 with gonococ- 


cal etiology, and 64 with neither chlamydial nor’ 


gonococcal etiology. The women with G-AS had febrile 
illness more often than the patients in the other groups 
and the duraticn of pelvic pain before seeking treat- 
ment was shorter than that for the C-AS group. These 
findings accord with earlier findings on gonococcal 
vis-a-vis nongonococcal salpingitis. » ? 

The patients in the NCNG-AS group differed in sev- 
eral respects from the women in the other two groups. 
Their median age was greater, one out of four was 30 
years of age or older. They did not report increased 
vazinal discharge as often as the patients in the C-AS 
and G-AS groups. Half of these women had a mild 
inflammatory reaction of the tubes and half had a 
normal ESR on examination. 

The women who belonged to the C-AS group were 
younger than the NCNG-AS patients, but were older 
than the G-AS women. C-AS patients generally had 
experienced a more benign clinical course compared to 
G-AS and NCNG-AS patients. Women with chlamydial 
AS had a febrile illness less often and generally sought 
treatment after a longer period of pelvic pain than the 
women in the other two groups. On the other hand, the 
ESR on admission was highest in the C-AS group and 
the inflammatory changes in the fallopian tubes, as 
seen at laparoscopy, generally were more severe than 
expected from the relatively benign clinical picture. In 
this context, the findings of Henry-Suchet and Lof- 
fredo! are of interest. They isolated C. trachomatis from 
tae fallopian tubes of women who had no history of 
salpingitis, bu: presented with tubal occlusion and signs 
cf a “chronic active” tubal infection. Apparently, some 
cases of C-AS follow such a benign clinical course that 
they are not seen by doctors at all or, if so, only excep- 
tionally at the hospital emergency room. This is of im- 
portance because of the destructive late effects on tubal 
function exerted by the chlamydial infections. 

The clinical and laboratory appearance of the 94 
woren excluded from the study varied. The eight pa- 
zients who fulfilled the criteria laid down for the C-AS 
zroup, but in whom N. gonorrhoeae was isolated from 
the cervix, appeared to be an intermediate group be- 
tween the C-AS and the G-AS groups. These eight 
women had a short duration of pelvic pain and high 
ESRs. The 54 women with IgM and/or IgG antibody 
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titers to C. trachomatis between 1:8 and 1:16 and/or 
1:64and 1:256, respectively, appeared as a mixture of 
the C-AS and the NCNG-AS patients with regard to 
age, duration of pelvic pain, ESReon admission, and 
degree of inflammatory changes in the fallopian tubes 
as Seen at laparoscopy. 

Of the total 245 women, N. gonorrhoeae was isolated 
from the cervix in 46(18.7%). C. trachomatis was isolated 
from the cervix in 67 (33.8%) of 198 representative 
specimens. Both C. trachomatis and N. gonorrhoeae were 
isolated from the cervix in 10 patients. 

Predisposing factors such as IUD insertions and 
curettage were more common in patients with C-AS 
than in the other two groups. This indicates that an 
uncomplicated cervical chlamydial infection might be 


overlooked more easily than, for instance, gonococcal 


cervicitis. Because chlamydial cervicitis is generally 
more prevalent than gonococcal cervicitis’’ and also 
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presents more uncharacteristic signs of infection," 
greet care in excluding a chlamydial infection must be 
taken by all doctors performing procedures that could 
cause ascending spread of an infection of the lower 
genital tract. 
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pected salpingitis, one cannot with any confidence 
precict the etiologic agent in the individual case. The 
clinical’ and laboratory findings could, however, to a 
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tents with pelvic inflammatory disease identifies re- 
sponsible organisms in 70% of cases.’ Other mi- 
croorganisms such as Chlamydia trachomatis, Ureapiasma 
urealyticum, ar.d Mycoplasma hominis may be responsible 
for disease in the remaining patients.*~° Tubal occlu- 
sion or pelvic adhesions causing sterility are frequent 
sequelae of FID. In this study, we sought to identify 
microbiologic agents from laparoscopy specimens col- 
lected in controls and patients with acute PID or infer- 
tility owing to tubal obstruction. Histologic examina- 
-ions have identified chronic inflammatory changes in 
zhe latter graup of patients.’ : 


Methods 


All 99 study patients underwent laparoscopic exami- 
nations: (1) Seventeen women had acute PID; 13 of 
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Table I. C. trachomatis in patients with acute PID or infertility with tubal obstruction and in controls, Paris 






Diagnostic tests 





No. 17 17 
Strologic test 
No. tested 16 16 


No positive (%) 

Culture from peritoneum/tube 
No. tested 17 17 
No. positive (%) 

Culture from lower genital tract 
No. tested 16 13 
No. positive (%) 6 (37.5) 


Infertility with tubal obstruction 
Total 
Acute PID | With mild inflammation 


11 (69)** 
6 (35.3)*** 


3 (23.1) 










patients Controls 

29 63 36 
24 56 28 

12 (50)* 32G Dhak 5 (18) 
29 63 26 

6 (29.7)* 15 (25.4)** 0 (0) 
29 53 22 

9 (31) 18 (31) 3 (13.6) 


Chi-square test using Yates’ correction; comparison with controls. *p < 0.05: **p < 0.01; ***p < 0.001. 


these patients had received antibiotics prior to exami- 
nation, but no tetracycline had been administered. (2) 
Forty-six women were infertile owing to tubal obstruc- 
tion but had no clinical evidence of PID; these women 
were scheduled for tuboplasty for tubal obstruction or 
pelvic adhesions. Seventeen had laparoscopic changes 
of mild inflammation and 29 had no inflammation. (3) 
The 36 control women were scheduled for laparoscopy 
either to evaluate ovarian causes of infertility or for 
other reasons. 

Specimens were collected on swabs from the perito- 
neum and fallopian tubes at the time of laparoscopy. If 
possible, biopsy specimens of the tubes and adhesions 
were collected at the same time. In addition, specimens 
were obtained from the lower genital tract (urethra, 
endocervix, and vagina) and blood specimens were ob- 
tained. Specimen collection, culture, and serologic and 
microscopic techniques were those described previ- 
ously.” 8-11 i 

The prevalence of serologic and cultural evidence of 
infection for patients as a whole and for patient sub- 
groups was compared with the prevalence among the 
controls using the chi-square test with Yates’ correction 
for continuity. 


Results 


Chlamydia trachomatis. Specimens for detection of C. 
trachomatis infection were processed at Fournier Insti- 
tute Laboratory. Serologic tests for chlamydiae were 
performed in 56 patients and 28 controls (Table I). 
Controls were significantly less likely to have serologic 
evidence of chlamydial infection compared to all pa- 
tients, or to any of the subgroups. Cultures for C. tra- 
chomatis were obtained from the pelvis and fallopian 
tubes of all 99 patients and controls. Chlamydia was 
significantly more common in all patient groups when 
compared with the controls. In contrast to isolation 
from the upper genital tract, recovery of chlamydiae 


from the lower genital tract was not significantly differ- 
ent between patients and controls. 

Mycoplasmas. Specimens for isolation of myco- 
plasmas were processed by laboratories at the Fournier 
Institute and Saint Louis Hospital. M. hominis was not 
identifed in specimens obtained laparoscopically from 
controls or patients. U. urealyticum was obtained from 
the peritoneum or fallopian tube in 17% of patients. 
and 5% of controls (Table I). Differences between 
patient groups and the control group were not statisti- 
cally significant. U. urealyticum was identified in the 
lower genital tractin 24% of patients and 18% of controls. 

Other bacteriologic cultures. Neisseria gonorrhoeae 
was identified in one of the four patients with acute 


PID wao had not received antibiotic therapy. This spec- 


imen was cbtained from the fallopian tube and also 
contained C. trachomatis. An enterococcus was obtained 
by laparoscopy from another patient with acute PID. 
One laparoscopic specimen from an infertile patient 
with mild inammation contained Bactercides fragilis. 
All other laparoscopic specimens from patients and 
controis were negative on standard aerobic and anaer- 
obic culturing. 


Discussion 


Mårdh and associates ê demonstrated the role of C. 
trachor-atis in acute salpingitis when they recovered this 
agent trom the peritoneal fluid or the tube in cultures 
from six of 20 patients. Our recovery of C. trachomatis 
from four of the 17 patients with acute PID further 
demonstrates the etiologic role of this agent in acute 
PID. 

Mårdh and Westrém,® in a study of 50 women with 
acute salpingitis, identified M. hominis in laparoscopic 
specimens from four patients and U. urealyticum in two 
patients. Other workers have not identified these or- 
ganisms frequently in cases of salpingitis." ° 

Other authors! * have identified organisms by stan- 


1024 Henry-Suchet et al. 


Decemker 1, 1980 
Am. J. Obste:. Gynecol. 


Table II. Cultures for U. urealyticum in patients with acute PID or infertility with tubal obstruction 
and in controls, Paris 






Culture site 


No. 17 17 
Peritoneum/tube 
No. tested 17 17 


No. positive (%) 
Lower genital tract 

No tested 16 13 

No. positive (%) 3 (18.7) 6 (46.2) 


4 (23.5) 


No significant differences. 


dard bacteriologic techniques more frequently than we 
have. In previous work, we obtained a variety of 
aerobic and anaerobic organisms from 70% of women 
with acute PID when specimens were collected and 
processed by the same techniques.’ We think the virtual 
absence of such organisms in this series is due to prior 
use of antibiotics by 13 of the 17 PID patients. 

All our infertile patients were free of abnormalities 
on clinical evaluations prior to laparoscopy. All these 
women were afebrile and had normal erythrocyte 
sedimentation rates. Only one patient had a history of 
prior PID; this patient was one of the 17 found to have 
mild inflammation at laparoscopy. She had a positive 
culture for B. fragilis. In contrast to the normal clinical 


’ examinations, 17 of these patients had visible inflam- 


mation at Japaroscopy, including red peritoneum, vis- 
cous adhesions, abundant liquid in the pouch of Doug- 
las, and inflammatory cysts near the tubes and ovaries. 
Recovery of C. trachomatis and serologic evidence of 
chlamydial infection were most common in the infertile 
patients with mid inflammatory changes. 
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Infertility with tubal abstruction 
Acute PID Mild inflammation 






Total Controls 
29 63 36 
29 63 36 
3 (10.3) 11 (17.5) 2 (5.6) 
24 53 22 
4 (16.7) 13 (24.5) 4 (18.2) 


Even infertile patients with tubal obstruction but 
without laparoscopic evidence of inflammation had 
significantly more serologic and cultural evidence of 
cklamydial infection, In addition, many of these pa- 
tients had inflammatory changes in materials collected 
by laparoscopy and examined microscopically. 

Our study not only identifies C. trachomatis as an im- 
portant cause of acute PID, but also strongly suggests 
that C. trachomatis causes silent PID, which results in 
infertility. Other workers!” ' also have reported evi- 
dence of chlamydial infection in infertile women. The 
role of U. urealyticum is not established in this study, but 
oar findings suggest further evaluation is needed. 
Cther authors'*!® also have suggested that U. ure- 
a.ylicum is a cause of PID and infertility. Since both 
calamydiae and mycoplasmas respond to specific an- 
tibiotics, the recognition of this problem could lead to 
important advances in infertility management. 
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Clinical aspects of acute pelvic inflammatory disease: 


Cook County Hospital 
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- We raviewed Cook County Hospital records of 134 consecutive patients hospitalized for-acute pelvic 
inflammatory diséase unrelated to intrauterine devices, delivery, or pelvic surgery. Nearly half our 
patients had peritonitis or a pelvic mass and most were young or nulliparous. Neisseria 
gonorrhoeae was recovered from the endocervices of 41 (84%) of 120 patients and was more 
common among younger, patients. Most patients responded to antibiotic therapy; consequently, we 
recommend antibiotic treatment for acute PID unless surgical emergencies cannot be excluded or 
patients do not improve with antibiotic therapy alone. (AM. J. OBSTET. GYNECOL. 138:1026, 1980.) 


ACUTE PELVIC INFLAMMATORY disease is a diverse 
symptom complex, resulting in part from Neisseria’ 
gonorrhoeae infection of the endocervix ‘and extension 
of this infection to the fallopian tubes. Acute salpingitis 
may progress to cause per itonitis and pelvic masses or 
abscess. ! l 

We reviewed the records of women hospitalized for 
acute PID to elucidate clinical aspects of PID, to iden- 
tify the prevalence of N. gonorrhoeae, and to evaluate 
nonsurgical management of such patients. 


Methods 


We reviewed the records of patients admitted for 
acute PID between November, 1978, and July, 1979, 
to the gynecology service, Cook County Hospital, 
Chicago. Patients who wore an intrauterine contracep- 
tive device (IUD), had undergone an abortion or surgi- 
cal proceduré, or had been delivered of an infant 
within the past 6 months were excluded. The 134 re- 
maining patients constitute our study group. 

We reviewed the records of these patients and ab- 
stracted the following: age, parity, duration between 
onset of pain and last menstrual period (LMP), prior 
PID history, admission temperature and total white 
blood cell count (WBC), duration of hospitalization, 
and clinical course. Patients were separated into two 
clinical groups on the basis of recorded findings: un- 
complicated PID—these 70 patients had pelvic pain; ad- 
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nexal and cervical tenderness, fever, leukocytosis, and 
ar. elevated er ythrocyte sedimentation rate; complicated 
PlD—these 64 patients had the aforementioned 
findings plus rebound tenderness; 18 of these also had 
a palpable, inflammatory pelvic mass. 

Standard hospital procedures were used to process 
culture specirnens from the endocervix to identify N. 
gcnorrhoeae. Other laboratory tests also were done in 


- tke routine hospital laboratories. 


Results 


These 134 patients with acute PID constitute 6.5% of 
ail admissions to the Cook County Hospital gynecology 
service during the 9 study months. Patients were 
young, 51% were 20 years of age or younger, and only 
28% were 26 years or older, In addition, nearly half of 
the patients were nulliparous (46%) and only 22% had 
more than-one child. Forty-four patients (33%) had 
previously had episodes of PID. 

On admission, oral temperatures exceeded 38° C in 
75% of those patients with complicated PID, butin only 
E4% of those with uncomplicated disease, Sixty-two 
percent of patients with complicated PID had a WBC 
exceeding 13,000 mm?, while only 33% of those with 
uncomplicated disease had such leukocytosis. 

Although gonorrhea cultures were obtained in all 
patients, culture results were recorded on only 120 pa- 
tients’ charts {Table I). On examination of cultures N. 
gonorrhoeae was identified in 24 (41%) of the 58 women 


with complicated disease but in only 17 (27%) of those 


with uncomplicated ‘disease. Gonorr hea was sig- 
nificantly more common among younger women (chi- 
square test, p < 0.05) for patients overall but not for 
the subgroups. Gonococcal prevalence was not related 


é 
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Table I. Endocervica! gonorrhea in women with acute PID categorized by severity of PID, age, and 
parity, Cook County Hospital, 1978-79 
Severity grouplgonorrhea 
culture results 15-20 226 | Toa | 0 for m4 Total 
Uncomplicated PID ín = 70) 
Gonococcus positive dl 4 2 17 5 7 5 17 
Gonococcus negative 18 13 14 45 18 14 13 45 
No results 3 3 2 8 5 2 l 8 
Complicated PID (n = 64) 
Gonococcus positive 18 3 24 16 7 I 24 
Gonococcus negative 16 7 | 34 16 10 8 34 
No results 2 2 6 I 2 3 6 
All PID (n = 134) 
Gonococcus positive 29* 13 5* 4l 2] 14 6 4] 
Gonococcus negative 34* 20* 257 79 34 24 21 79 
Ño results 5 5 4 14 6 4 4 14 
Total 68 32 34 134 6] 42 31 134 


*Chi-square test, p < 0.05. 


to parity, fever, leukocytosis, or time lapse since LMP. 

Twenty-four (37%) of the patients with complicated 
PID were hospitalized for more than a week, while only 
12 (17%) of those with uncomplicated disease stayed in 
the hospital for more than a week. Eight of the 18 
patients with a pelvic mass required surgery to exclude 
surgical emergencies. All other patients responded to 
antibiotic therapy alone; those wita uncomplicated dis- 
ease responded most promptly. Response to treatment 
was not related to recovery of the gonoccccus from the 
endocervix, 


Discussion 

We believe N. gonorrhoeae usually initiaces acute PID; 
however, once the disease process is established, En- 
terobacteriaceac and anaerobes of the normal vaginal 
flora? may contribute to the disease process. Cultures 
obtained by laparoscopy or culdocentesis from the tube 
or pelvic peritoneum in patients with PID or from 
tubo-ovarian abscesses removed at surgery contain a 
variety of organisms.*-? For the most part Lip and 
Burgoyne’ identified gonorrhea in cul-de-sac cultures 


obtain2zd within 2 days of the onset of symptoms, but 
only rarely if symptoms were present for more than a 
week. Thus, we believe that the long interval between 
infection with N. gonorrhoeae and initial examination of 
our patients accounts for the low recovery of the 
gonococcus in this study. í 

Marzed differences were noted between patients 
with uncomplicated PID and those with complicated 
PID. Cespite the use of two or three antibiotics for the 
latter, Datients with complicated PID responded more 
slowly and required prolonged hospitalization. 

Our patient population was young and nulliparous; 
therefcre, we attempted nonsurgical treatment unless 
we cou d not exclude a surgical emergency. This effort 
to save reproductive organs, albeit damaged, seemed 
justified by our results. No patient suffered rupture of 
a tubo-ovarian mass during the course of hospital ther- 
apy. It should be emphasized that we used drugs effec- 
tive for Bacteroides fragilis and Enterobacteriaceae on the 
basis of reports that these organisms are associated with 
complicated PID.” 577 
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Puerperal infectious morbidity: Relationship to route 
of delivery and to antepartum Chlamydia trachomatis - 


infection 
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We investigated the relationship of route of delivery and of antepartum Chlamydia trachomatis 
cervical infection to selected forms of puerperal infectious morbidity, including intrapartum fever, or 
early (<48 hours) postpartum fever not attributable to infections of sites outside the uterus and late 
(48 hours to 6 weeks) posipartum endometritis. Infectious morbidity occurred in 27 (44%) of 62 
women who underwent cesarean section and i in 33 (1 0%) of 329 who underwent vaginal delivery 
(p< 0. 001). Postsection infectious morbidity ‘vas not correlated with C. trachomatis infection and 
was largely limited to early postpartum fever. Among womert who underwent vaginal delivery, 
infectious morbidity occurred in. 10 (34%) of 29 women with and in 23 (8%) of 300 without C. - 
trachomatis infection (p < 0.001), arid chlamydial infection was associated only with intrapartum 
fever and late postpartum endometritis. Separate, matched case-control analyses confirmed that 
cesarean section, was associated with an increased risk of early postpartum fever (p = 4 x 1074); 


whereas among women who underwent vaginal delivery, anzepartum C 


C trachomatis infection was 


associated with an increased risk of development .of intrapartum fever or late postpartum 
endometritis (p = 0.002). ‘Am. J. OBSTET. GYNECOL. 138:1028, 1980.) 


PUERPERAL INFECTION has occurred in 5% to 7.2% 
of women in recent studies," ? and a variety of aerobic 
and anaerobic bacteria and genital mycoplasmas have 
been isolated from women with puerperal] pelvic in- 
fections.* * One recognized factor associated with an 
increased risk of postpartum infection is cesarean sec- 
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zion. Postpartum pelvic infections have been reported 
to occur in as many as 43% to 65% of patients under- 
going abdominal delivery.® ê Organisms commonly iso- 
lated from the endometrium’ and/or the blood of pa- 
tients with puerperal infection subsequent to cesarean 
section include Escherichia coli, group B streptococci, 
enterococci, peptococci, peptostreptococci, and Bac- 
teroides species.’ 

Chlamydia trachomatis is a well documented cause of 
pelvic infections among nonpregnant women? and also 
may cause puerperal pelvic infectious morbidity among 
pregnant women. Although the role of C. trachomatis in 
maternal-puerperal pelvic infections has not been stud- 
ied systematically, ophthalmologists who were studying 
neonatal eye infections in the 1930s noted that a puer- 
peral pelvic infection frequently occurred in the moth- 
ers of babies who developed neonatal conjunctivitis.’ In 
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Table I. Characteristics associated with antepartum Chiamydia trachomatis isolation 





C. trachomatis 


Mean age-in yr (range) 19.8 (15-37) 
” Mean gravidity (range) 1.7 (1-5) 
Welfare recipients (%) 25 (79) 
Caucasians (%) 20 (64) 
Unmarried (%) 19 (58) 


1976, Rees and associates’ reported that 16 of 24 
mothers whose babies had neonatal chlamydial con- 
junctivitis developed pelvic infection. 

In 1974, we initiated a series of studies at the Uni- 
versity of Washington to assess the relationship of C. 
trachomatis infection to perinatal and infant morbidity 
and to maternal puerperal morbidity. The present re- 
port concerns our initial analysis of the relationship 
between antepartum C. trachomatis infections, route of 
delivery, and maternal puerperal infectious morbidity. 
We found that cesarean section was closely associated 
with early postpartum fever, usually attributed clini- 
cally to endometritis, myometritis, and/or peritonitis; 
whereas antepartum C. trachomatis infection was closely 
associated with intrapartum fever, usually attributed 
clinically to chorioamnionitis, and with late postpartum 
endometritis. 


Material and methods 


Study population. From July, 1977, through June, 
1979, 486 women attending the University of Washing- 
ton Hospital prenatal clinic were asked to undergo 
cervical culture for C. trachomatis and standardized in- 
terview. The two research assistants assigned to explain 
the study and perform the interview were able to see 
the majority of women attending the clinic, although 
the constraints of time precluded enrolling all patients. 
All C. trachomatis infecuions detected during pregnancy 
were asymptomatic and were not treated. The 391 pa- 
tients who underwent delivery at University Hospital 
and were followed through to the sixth-week postpar- 
tum visit, or until earlier diagnosis and treatment of 
puerperal pelvic infection, form the basis for this re- 
port. | 

Chlamydia isolation. Cervical cultures were ob- 
tained between weeks 32 and 36 of gestation, and in 
some cases at the first prenatal visit. Isolates were ob- 
tained from endocervical swabs which were placed in 
transport medium and frozen until inoculated onto 
5-iodo-2-deoxyuridine-treated McCoy cells, as previ- 
ously described." 

Diagnosis of puerperal pelvic infections. The diag- 
nosis of puerperal! pelvic infections was made by mem- 


isolated (N = 32) 


C. trachomatis 
not isolated (N = 359) 


94.5 (14-25) <0.0001 
9.4 (1-9) <0.01 
133 (37) <0.0001 
287 (80) <0.01 
108 (30) <0.0005 


bers of the resident staff who were unaware of the 


chlar ydia culture results. We divided puerperal pelvic: 


infections into the following categories: 

l. Intrapartum fever: temperature = 38° C during labor, 
uterine tenderness, and no apparent extrauterine 
source of fever. These infections were clinically at- 
tributed to amnionitis. 

2. Eavly postpartum fever: uterine tenderness associated 
with temperature =38.5° C within the first 24 hours 

‘ post partum” and/or temperature =38° C on two 

consecutive occasions 6 hours apart between 24 and 

48 hours post partum, and with no apparent ex- 
traiterine source of fever. These infections all were 
clinically attributed to endometritis or, after cesar- 
ean section, to endometritis, myometritis, and/or 
peritonitis. 

3. Lat: postpartum endometritis: lower abdominal pain 
and uterine tenderness, with or without fever, oc- 
cuiring between 48 hours and 6 weeks post partum, 
with no apparent extrauterine source of infection. 
These infections all were clinically attributed to en- 
dometritis. 

Not included in our definition of puerperal pelvic 
infections were symptoms of urinary tract infection 
and cultures of urine that contained = 10* organisms/ 
ml and infections at other sites, such as lung, abdomt- 
nal incision, or episiotomy. 

Data collection and analysis. At the first prenatal 
visit, we prospectively interviewed each subject to ob- 
tain d=mographic data (age, race, marital status, and 
welfar2 status) and a reproductive history. Charts of 
each patient were reviewed retrospectively to obtain 
variab.es associated with labor and delivery, such as use 
of intrauterine fetal monitoring, duration of labor, 
interval from rupture of membranes unul delivery, 
hematocrit in labor, and mode of delivery (vaginal or 
cesarean section); and to ascertain the presence of 
puerperal infectious morbidity. The relationship of all 
variables to the occurrence of infectious morbidity and 
C. track omatis positivity was assessed to determine which 
variables were confounding. Individual matching of 
each case with two controls was employed as a tech- 
nique to control for confounding variables. A com- 
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Table II. Puerperal infectious morbidity in patients with and without antepartum Chlamydia trachomatis infection 


C. trachomatis tsolated C. trachomatis not 
(N = 32) isolated (N = 359) 











Intrapartum fever 3 9 5 I <0.025 
Early postpartum fever l 3 26 7 0.6 
(<48 hr post partum) 
Late postpartum endometritis 7 22 18 5 <0.005 
(48 hr to 6 wk post partum) 
Total infectious morbidity ' 1] 34 49 14 <0.01 
Table II. Puerperal infectious morbidity in relation to route of delivery 
Cesarean section Vaginal delivery 
(N = 62) (N = 329) 
Intrapartum fever 3 : 5 1.5 0.3 
Early postpartum fever 22 oO: 5 1.5 <0,0001 
Late postpartum endometritis 2 ; 23 7.0 0.5 
Total infectious morbidity 27 33 10.0 <0.001 


puter program was used to randomly access the data 
file of women wio did not experience specific forms of 
infectious morbidity in an attempt to find two matched 
controls for each woman with that form of infectious 
morbidity. A matched analysis allowing for a variable 
number of controls matched to each case was used," 
and an analog of McNemar’s test with the exact 
permutation distribution was used to determine the 
confidence intervals for risk estimates. Groups were 
compared by Student’s t test or chi-square analysis. 


Results 


Chlamydia trachomatis was recovered from 45 (9.3%) 
of 486 women who underwent antepartum testing, in- 
cluding 32 (8.2%) of the 391 patients who underwent 
delivery at University Hospital and who were followed 
completely through 6 weeks pest partum, or until ear- 
lier onset of puerperal pelvic infection. The zeneral 
characteristics of these 391 patients in relation to an- 
tepartum C. trachomatis infection are listed in Table I. 
Patients with C. trachomatis infection were significantly 
younger, had lower mean gravidity, were more often 
receiving welfare support, were more often non- 
Caucasian, and were more often unmarried than pa- 
tients without C. trachomatis infection. 

Increased risk of intrapartum fever and late post- 
partum endometritis among women with antepartum 
C. trachomatis infection. Puerperal pelvic infections 
occurred in 60 (15%) of the 391 women who were stud- 
ied. As shown in Table II, intrapartum fever occurred 
in three (9%) of 32 patients with and in five (1%) of 359 


patients without antepartum C. trachomatis infection 
(£ < 0.025), Late postpartum endometritis occurred 
among seven (19%) of 32 patients with and in 18 (5%) 
of 359 without antepartum chlamydial infection (p < 
0.01). Early postpartum fever was not associated with 
antepartum chlamydial infection. All but two of the 
infants born to mothers with antepartum C. trachomatis 
infections were followed closely after delivery. No sig- 
nificant relationship was shown between risk of C. 
trachomatis infections in the infant and puerperal pelvic 
infection in the mother, although the sample was too 
small to exclude such a relationship with much 
confidence. 

Increased risk of early postpartum fever after ce- 
sarean section. As shown in Table III, infectious mor- 
kidity occurred among 27 (43.5%) of.62 patients who 
underwent cesarean section vs. 33 (10%) af 329 pa- 
tents who underwent vaginal delivery (p < 0.001). In- 
trapartum fever and late postpartum endometritis 
were not related to cesarean section. However, early 
postpartum fever occurred in 22 (35.5%) of 62 women 
who underwent cesarean section vs. five (1.5%) of 329 
who underwent vaginal delivery (p < 0.0001). 

Relationship of antepartum C. trachomatis in- 
fections to puerperal infection by route of delivery. A 
cesarean section was performed on three (9%) of the 32 
patients with and on 58 (16%) of the 359 patients with 
out antepartum C. trachomatis infection (p > 0.4). The 
relationship between infectious morbidity and antepar- 
tum chlamydial isolation is analyzed for each mode of 
delivery in Table IV. Antepartum C. trachomatis infec- 
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Table IV. Puerperal infectious morbidity in relation to route of celivery and antepartum C. trachomatis 


(CT) infection 


= 


Cesarean section(N = 62) 


Vaginal delivery (N = 329) 


Intrapartum fever 0/3 - 3/5 60 
Early postpartum fever , 1/22 5 0/5 - 

Late postpartum endometritis 0/2 - 7/23 30 
No infectious morbidity 2/35 6 19/296 ; 6 





tion was not shown to be associated with puerperal 
infectious morbidity among patients delivered by ce- 
sarean section. (The number with C. trachomatis in- 
fections was small, and many received antibiotics for 
early postpartum fever.) 

Among women who underwent vaginal delivery, 
puerperal infectious morbidity occurred in 10 (34.5%) 
of 29 with vs. 23 (8%) of 300 without antepartum C. 
trachomatis infections (p < 0.0005). Infectious morbid- 


ity was limited to intrapartum fever and late post- . 


partum endometritis among those with antepartum C. 
trachomatis infection who underwent vaginal delivery. 
Matched analysis. Five variables were found to be 
associated with both antepartum C. trachomatis infection 
and puerperal infectious morbidity: age, race, parity, 
marital status, and welfare support. Variables elimi- 
nated from further consideration because they were 
not associated with either C. trachomatis infections or 
puerperal infectious morbidity included: use of an in- 
ternal fetal monitor, duration of labor, admission he- 
matocrit, and duration of ruptured membranes prior 
to delivery. An attempt was made to match each 
woman who had any of the three forms of puerperal 
infectious morbidity with two controls who did not 
have that form of infectious morbidity, by means of the 
following matching criteria: age in years: <20, 20 to 24, 
25 to 29, =30; race: Caucasian or non-Caucasian; parity: 
previous pregnancy or no previous pregnancy; maritat 
status: married or not married; welfare support; receiving 
welfare payments or not receiving welfare payments. 
Relationship of cesarean section to early post- 
partum fever—matched analysis. Twenty-four pa- 
tients with early postpartum fever were matched for 
age, race, marital status, welfare status, and parity, with 
46 women who did not develop fever. Controls could 
not be matched to three patients, all of whom had un- 
dergone cesarean section. Cesarean section had been 
performed in 19 (79%) of the 24 women who devel- 
oped early postpartum fever and in only four (9%) of 
46 controls without fever. The estimated relative risk 
for the development of early postpartum fever among 
women who underwent cesarean section compared to 
women who underwent vaginal delivery was infinitely 


higher, since in no instance did a control subject un- 
dergo cesarean section when a matched patient did 
not (= 4 x 107%), The lower boundary of the 95% 
confidence interval for estimated relative risk was 5.4 

Relztionship of antepartum C. trachomatis in- 
fections to late postpartam endometritis—matched 
analysis. Twenty-eight patients with intrapartum fever 
or late postpartum endometritis who underwent vagi- 
nal deivery were matched for the five factors with 53 
womer. who underwent vaginal delivery and did not 
develo> such infectious morbidity. Matched controls 
were rot available for one patient. C. trachomatis was 
isolated antepartum from 10 (36%) of the 28 women 
with intrapartum fever or late postpartum endome- 
tritis and from five (9%) of 53 matched controls. The 
estimated relative risk for the development of in- 
trapartum fever or late postpartum endometritis was 
infinitely higher among women who underwent vagi- 
nal deavery and developed antepartum C trachomatis 
infecticn vs. those who did not develop antepartum C. 
trachomatis infection, since in no instance was C. 
trachomatis isolated from a control matched with a 
culture-negative case (p = 0.002). The lower limit of 
the 95% confidence interval for the estimated relative 
risk was 1.9. 


Discussion 

This study showed a significant correlation of cesar- 
ean seciion with early postpartum fever, and a correla- 
tion of antepartum C. trachomatis infection with in- 
trapartam fever and with late postpartum endometritis 
among women who underwent vaginal delivery. Al- 
though others have not classified puerperal pelvic in- 
fectiong in exactly the same way, this classification ap- 


_ pears t> correspond to the patterns and etiology of 


puerpe-al pelvic infections that we have seen and af- 
fords p-ausible and testable hypotheses concerning the 
pathopkysiologic features of these infections. 
Intrapartum fever in this study was attributed clini- 
cally by the resident staff to amnionitis because of as- 
sociatec uterine tenderness and lack of evidence of ex- 
trauterine infection, although amniotic fluid was not 
subjected to examination for leukocytes or bacteria, 
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and the histopathologic characteristics of the mem- 
branes were not studied carefully. The correlation of 
antepartum C. trachomatis infection with intrapartum 
fever suggests that this organism may produce am- 
nionitis. Harrison and Riggin™ have, in fact, shown 
that primary human amnion cells are highly susceptible 
to infection by C. trachomatis in vitro. Invasion of the 
chorioamniotic membranes may be one factor that con- 
tributes to preterm rupture of membranes and/or pre- 
term onset of labor, and to perinatal mortality, all of 
which we have found to be correlated with antepartum 
C. trachomatis infections. Of the three infants born to 
women with antepartum C. trachomatis infections who 
developed intrapartum fever, one died within 24 hours 
and one died 6 days after delivery, although none was 
delivered before 37 weeks’ gestation. 

The association of C. trachomatis infection with late 
postpartum endometritis but not with early post- 
partum fever is consistent with the possibility that 
chlamydial infection ascends from the cervix to the en- 
dometrium after delivery, in view of the organism’s 
long replication time and apparently long incubation 
period in other genital infections, such as nongonococ- 
cal urethritis. Rees and associates? observed that the 
onset of pelvic pain varied between 13 and 38 days post 
partum in nine mothers of infants with neonatal 
chlamydial conjunctivitis, although other mothers 
were given antibiotics earlier for “infected lochia or 
pyrexia.” It is noteworthy that 18 of 25 cases of late 
postpartum endometritis in our study were not associ- 
ated with antepartum C. trachomatis infection, and the 
etiology of such cases remains obscure. These women 
were not examined by us, no standardized criteria for 
endometnitis were used, and cultures for C. trachomatis 
or for other pathogens were not obtained at the time of 
diagnosis. 

The strikingly close association of early postpartum 
fever with cesarean section leaves little doubt that ce- 
sarean section is responsible for this complication; the 
rapid development of fever after delivery is most con- 
sistent with peritoneal contamination by pathogenic 
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bazteria present in amniotic fluid at the ume of opera- 
ticn. In fact, the presence of organisms within the am- 
niotic cavity at the time of operation is predictive of thte 
development cf subsequent infection only within 48 
hours after delivery.* $ 
Approximately 40% of the infants born to mothers 
with antepartum C. trachomatis infection develop inclu- 
sion conjunctivitis, and 10% to 20% develop chlamydial 
pneumonia.!® 1” The present study suggests that about 
30% of these mothers develop puerperal pelvic in- 
fections. Since the prevalence of maternal antepartum 
C. trachomatis infections at University Hospital is nearly 
10%, we estimate that approximately 4% of infants 
born at University Hospital develop inclusion con- 
jenctivitis, 1% to 2% develop chlamydial pneumonia, 


and 3% of the mothers develop puerperal pelvic infec- 


tion associated with chlamydia infection. A reiationship 
of antepartum C. trachomatis infection to prematurity 
and perinatal mortality also has been found," as noted 
above. In view of the considerable maternal, fetal, and 
infant morbidity associated with maternal antepartum 
C. trachomatis infection, controlled studies of eradica- 
tion of C. trachomatis infection during pregnancy are 
reeded. 

Finally, the microbial etiology and diagnostic fea- 
tures of intrapartum fever and of late postpartum en- 
dometritis, in particular, require further study. The 
present study used a retrospective chart review to re- 
veal the clinical diagnosis made by staff members who 
were unaware of the chlamydia culture status of the 
patients. The etiology of intrapartum fever and late 
postpartum endometritis may be elucidated further by 
prospective systematic evaluation of the clinical and 
pathologic manifestations of amnionitis and late post- 
>artum endometritis, in conjunction with comprehen- 
sive study of the amniotic and endometrial flora. 


We apprec:ate the assistance of Wong Ho Chow with 
data analysis. 


*Eschenbaca, D. A.: Unpublished data. 
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Chlamydia trachomatis infection in 


Fitz-Hugh—Curtis syndrome 


SAN-PIN WANG, M.D. 

DAVID A. ESCHENBACH, M.D. 
KING K. HOLMES, M.D., Pu.D. 
GAEL WAGER, M.D. 

J. THOMAS GRAYSTON, M.D. 
‘Seattle, Washington 


We studied -23 patients with pelvic inflammatory disease associated with symptoms of pleuritic 
up’per abdominal pain, characteristic of Fitz-Hugh-Curtis syncrome (FHC). A fourfold or greater 
change in antibody titer to Chlamydia trachomatis was demonstrated by microimmunoflucrescence 
in 14; an IgG antibody titer =1:1,024 was seen in 13; and IgM antibody was demonstrated in 11. 
Twenty (87%) of the 23 FHC patients, including all of the 12 with paired sera obtained at least 6 
weeks apart, had serologic evidence of acute C. trachomatis infection. Neiss2ria gonorrhoeae was 
isolated from seven (30%) of the 23 FHC cases, and G: trachcmatis was isolated from three of 10. 
Two groups of matched ccntrols were studied; one group with PID but without FHC, and the other 
without PID. A larger proportion of patients wita FHC had serclogic evidence of acute C. 
trachomatis infection than either of the two control groups (p = < 0.05 for each comparison). Among 
those with antibody to C. trachomatis, the geometric mean antibody titer for ihe FHC group (1:724) 
was significantly higher than that for the PID group (1:138) or for the non-PID group (1:103). Thus, 
FHC is not solely attributable to infection with N. gonorrhoeae: most cases are associated with 
acute C. trachomatis infection. {AM. J. OBSTET. GYNECOL. 133:1034, 1980.) 


AN INCREASINGLY broad spectrum of disease is being 
associated with Chlamydia trachomatis infection.” ? In 
addition to its etiologic role in nongonococcal urethritis 
and ¢ervicitis, C. trachomatis is now recognized as a 
common cause of pelvic inflammatory disease. 

Perihepatitis, also known as Fitz-Hugh—Curt:s syn- 
drome (FHC),* 3 has been thought to be a complication 
of gonococcal PID." Previous ser ologic findings from 
our laboratory showed evidence of acute C. trachomatis 
infection in nine of 11 Swiss cases of perihepatitis- 
peritonitis,’ but no control groups were studied and 
isolation of C. trachomatis was not attempted. This arti- 
cle reports studies on 23 additional cases of FHC and 
on two matched control groups. One control group 


From the Departments of Pathobiology, Obstetrics and | 
Gynecology, Medicine, and Epidemiology, re of 
Washington, Seattle, Washington. 


This study was supported by Public Health Service 
research grants Al-16222 and Al-12192 from the 
National Institute of Allergy and Infectious Diseases and 
grant EY-00219 from the National Eye Institute. 


Reprint requests: San-pin Wang, M.D., Department of 
Pathobiology, SC-38, University of Washington, Seattle, 
Washington 98195. 


1034 - 


had PID but ro FHC, and the other had no PID. The 
results further support an etiologic association of acute 
C. trachomatis infection with the Fitz-Hugh—Curtis syn- 
drome. 


Material and methods 


Study population. Patients in Seattle who were sus- 
rected of having PID were referred by University of 
Washington physicians during the period 1972 to 
1978. Each referred patient uriderwent a standardized 
interview and examination by one of us (D. A. E.)® The 
clinical diagnasis of PID was made in 442 patients with 
523 episodes of PID, all.characterized by pain in the 
lower abdomen of less than 3 weeks’ duration, abdomi- 
nal tenderness, and, on pelvic examination, moderate 
to severe tenderness maximally localized to one or both 
adnexal areas, with involuntary guarding proportional 
to the degree of tenderness. Seventeen FHC cases were 
identified among the 442 women referred for PID on 
the basis of pleuritic upper abdominal pain and upper 
abdominal tenderness. Six additional women were re- 
ferred specifically because of suspected FHC, and all 
six had evidence of recent or current PID. Two sepa- 
zate groups of matched controls for the FHC cases 
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Table I. Summary of isolation and C. trachomatis micro-IF serologic results in patients with FHC 


(Seattle, 1972-79) 


+ 


GC CT (type) Type 


Age Follow-up 
Patient (yr) period 


l 22 8% mo + + (D) D/J 
2 16 3% mo — ~ D 
3 21 1% mo + — B 
4 20 2 wk + ~~- 
5 25 10 mo — ~ 
6 29 54 mo + D 
7 21 Single + 
8 29 3 wk — B 
9 25 1 yr = 
10 28 8 mo — D 
1] 36 1 mo + D 
12 19 2 wk — D 
13 20 3 mo + 
14 23 5 mo — D 
15 2] 2 wk — _ 
16 19 3 wk — = 
17 19 2 mo — m= D 
18 22 6 mo — + D 
19 27 1% mo — + (F) 
20 20 Single = 
2] 19 Single = 
22 21 Single _ 
23 21 Single = 


IgM ar.tibody 


Highest Highest 
liter Type liter Rise | Fall 
X 





IgG antibody 
Fourfold 





512/256 ` X Mul X x 
32 X X D X 
8 X G xX 
0 
0 D X X 
32 X D X X 
0 D 
128 X G X 
0 D X k 
32 X BED 512 X X 
32 D 256 
64 B/ED 512 
0 D 256 xX 
64 xX D 1,024 xX 
0 ED 256 : 
0 B 4,096 X 
512 X B 2,048 X 
16 X Mul 2,048 X 
0 F- 2,048 X 
0 ED 256 
0 B 2,048 
0 F 8,192 
0 D 1,024 


Legend: GC = Neisseria gonorrhoeae; CT = Chlamydia trachomatis; Mul = multiple antibody types. 


(FHC/PID group) were selected from among the other 
425 PID patients without FHC (PID group), and from 
a group of women attending a venereal disease clinic 
who had no symptoms of abdominal pain and in whom 
the findings on bimanual examination were normal 
(non-PID group). Nineteen patients from the PID 
group and 18 from the non-PID group were matched 
with patients in the FHC/PID group by age, results of 
endocervical culture for Neisseria gonorrhoeae, number 
of sexual partners in the previous 6 months, and birth 
control method. 

Isolation of N. gonorrhoeae and C. trachomatis. Evi- 
dence of gonococcal infection was sought by culturing 
specimens from the cervix and anal canal. Cervical 
swabs were directly inoculated on Thayer-Martin 
medium, and gonococci were identified by standard 
methods.® . 

For C. trachomatis isolation, x-irradiated or 5- 
iodo-2-deoxyuridine—treated McCoy cell cultures*® 
were used for the earlier study specimens, and 
diethylaminoethyl-dextran-treated HeLa 229 cell cul- 
tures’ for later specimens. The isolates obtained from 
‘cervical swab specimens were immunotyped by the mi- 
croimmunofluorescence (micro-IF) method." 

Serologic tests. All sera obtained from the same pa- 
tient were tested concurrently for C. trachomatis anti- 


body by the micro-IF technique. Commercial fluores- 
cein conjugates were used for indirect fluorescent anti- 
body staining. Goat antisera to human IgM (g-chain . 
specific), to human IgG (y-chain specific), and to 
human immunoglobulins (IgM, IgG, and IgA com- 
bined), all labeled with fluorescein isothiocvanate, were 
obtained in lyophilized form from Hyland Laborato- 
ries, Los Angeles, California. Each serum specimen was 
first screened for antibody with the use of a conjugate 
of antinhuman IgM/IgG/IgA at three fourfold dilutions 
against eight antigens, including immunotypes CJ, A; 
H, I, K, B, ED, and GF.” Serum with positive antibody 
was then titrated for IgM and IgG antibodies (with 
separate conjugates of anti-lgM and anti-IgG) concur- 
rently by testing serial twofold dilutions of serum 
against antigens selected from the results of the screen- 
ing test. The antigens used were formalinized elemen- 
tary bodies of C. trachomatis. Thus, antibody titers to 
specific immunotypes in both IgM and IgG were 
sought to assess the kinetics and immunotype spec- 
ificity of the antibody response in each patient. 


Results 


The FHC patients ranged in age from 16 to 36 years, 
but only four were over 25 years of age. Pleuritic pain 
was experienced either at the same time as (over half of 
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Table II. Summary of isolation and serologic findings in a patient with FHC 





Chlamydia trachomatis 
micro-IF antibody 


S ae ae 


Tsalation 


8/13/72 Onset abdominal pain 

8/17/72 PID = s J 16 J 128 

10/09/72 Asymptomatic, normal examination 

12/27/72 Recurrent abdominal pain _ . 

12/29/72 PID | + D 64 Mul 256 
1/06/73 Onset pleuritic pain 
1/12/73 Laparoscopy—edema of liver capsule. ` - +{(D) D 512 Mul 8,192 
2/09/73 Normal — i D 256 Mul 2,048 
5/03/73 Normal 5 D 64 Mul 


Legend: GC = Neisseria gonorrhoeae; CT = Chlamydia trachomatis; Mul = 


multiple antibody types. 


Table III. Comparison of the results of C. trachomatis serologic evaluation in patients* with and without FHC 


No. of matched patients 
N. gonorrhoeae isolated 
C. trachomatis no. isolated/no. attempted (%) 


Serodiagnosis of acute C. trachomatis infection based 
on any of the following criteria: 
Presence of IgM antibody 
Titer change =fourfold (among paired sera 
available) . 
High titer, 21:1 1024 


Micro-IF antibody present 
Geometric mean titer 


Micro-IF antibody absent 


FHCIPID PID Non-PID 
19> . 19 18 
7 7 6 
3/10 (30%) 4/14 (29%) 0/6 (0) 
17 (89%) 9 (47%) 7 (39%) 
11 © 6 3 
14 (18) 8 (19) 2 (3) 
10 4 3 
18 17 13 
1:724 1:138 1:103 
p 9 5 


 *Patients are matched by age, isolation of N. gonorrhoeae, number of partners in previous 6 months, and birth control method. 


the FHC cases) or subsequent to the onset of PID. The 
pleuritic pain had its onset after therapy had been ini- 
tiated for PID in only two patients. Five FHC patients 
underwent laparoscopy. All five had laparoscopic evi- 
dence of salpingitis and signs of edema of the liver 
capsule; only one patient (case 5} had typical-adhesions 
between the liver capsule and peritoneum. 

Table I shows a summary of the isolation and 
serologic results obtained in the: 23 FHC cases. N. 
gonorrhoeae was isolated from the cervix in seven (30%) 
of the 23 patients. C. trachomatis was isolated from the 
cervix in three’ (30%) of the 10 patients in whom cul- 
tures were performed. l 

A serodiagnosis of acute C. trachomatis infection was 
made in 20 of 23 (87%) cases on the basis of oné or a 
combination of the following criteria: (1) the presence 
of IgM antibody" 1; (2) change of fourfold or greater 
in titer of IgM and/or IgG Aa DORN and (3) IgG anti- 
body titer = 1: 1,024." 

Two or more sera obtained after onset of the disease 


were available from 18 patients, covering a follow-up 
period of 2 weeks to 1 year, and only a single serum 
specimen was. available from the other five patients. A 
significant titer change (fourfold or greater) in IgM 
ar.d/or IgG antibodies was found in 14 of 16 patients 
for whom paired sera were tested, including all of 12in 
whom paired sera were obtained at least 6 weeks apart. 

The peak antibody titers were >1: 1,024 in 13 pa- 
tients. 

Table I also shows that the rate of C. mahoma in- 
fection as detected by culturing or serologic evaluation 
was the same in those with and without concurrent 
gonococcal infections, as shown by isolation of the or- 
ganism. 

IgM antibodies are more type-specific than IgG an- 
tibodies. Among 11 patients who had IgM antibody, 
seven were shown to have an immunotypé specificity 
different from the corresponding predominant IgG° 
antibody type. This suggests thatin FHC patients there 
was a relatively high frequency of reinfection with or- 
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ganisms that had an immunotype specificity different 
from that of previous infections (heterologous reinfec- 
tion). 

An example of serologic evidence of heterologous 
Teinfection is illustrated in the following case report, 
summarized in Table II. 


Case report. G. H., a 22-year-old woman, was first 
seen with PID on August 17, 1972, 4 days after onset of 
lower abdominal pain. Cultures of endocervical speci- 
mens for N. gonorrhoeae and C. trachomatis were nega- 
tive, but the serum contained IgG and IgM antibodies 
against C. trachomatis, type J. She was given 3.5 gm oral 
ampicillin plus 1.0 gm probenecid, followed by 500 mg 
ampicillin orally four times daily for 10 days; she 
showed rapid improvement and was normal on Octo- 
ber 9,1972. Symptoms of lower abdominal pain recurred 
on December 27, and on December 29, 1972, N. 
gonorrhoeae was isolated from the. cervix and 
cul-de-sac. Again she was treated with oral ampicillin 
according to the same schedule, but 8 days later, on 
January 6, 1973, she developed pleuritic right upper 
quadrant pain. On January 12, C. trachomatis, type D, 
was isolated from the cervix; and in serial sera, a rise 
and fall occurred in IgM antibody against C. 
trachomatis, type D. Laparoscopic examination showed 
tubal erythema and edema, and edema:of the liver cap- 
sule without adhesions. She subsequer.tly was given 8 
gm ampicillin per day intravenously for 3 days, fol- 
lowed by 2 gm ampicillin orally per day for 7 more 
days. She improved and was well on subsequent visits 
on February 9 and May 3, 1973. 


Results in matched controls. The results of isolation 
and serologic evaluation in controls are shown in Table 
III. The FHC/PID and PID groups were each com- 
prised of 19 patients, in seven of whom N. gonorrhoeae 
was isolated. C. trachomatis was isolated from 30% of 
FHC/PID patients and 29% of the PID patients. The 
non-PID group was comprised of 18 patients, six of 


- whom had gonorrhea; of six non-PID patients in whom 


cultures for C. trachomatis were performed, none was 
positive. Because paired sera were available from 18 of 
the FHC/PID patients, and from all 19 of the PID pa- 
tients, but from only three of the non-PID patients, 
data on changes in titers in paired sera could be evalu- 
ated for only the first two groups. A serodiagnosis of 
acute C, trachomatis infection, by any of the three 
criteria, could be made in 17 (89%) of 19 FHC/PID 
patients and nine (47%) of 19 PID patients (p = 0.01, 
by McNemar’s test for matched pairs). Evidence of 
acute C. trachomatis infection, based on IgM antibody 
and/or an IgG antibody titer = 1:1,024, was found in 15 
of 19 FHC/PID patients vs. eight of 19 PID patients 
(p = 0.066, McNemar’s test) and six of 18 non-PID pa- 
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tients (p = 0.038, McNemar’s test). Among those who 
had antibody to C. trachomatis, the geometric mean IgG 
antibody titers measured within 2 months after diag- 
nosis of PID, with or without FHC, were significantly 
higher for FHC/PID cases (1:724) than for PID cases 
(1:138) (p < 0.05, Student’s t test). The geometric 
mean titers for FHC/PID cases also were significantly 
higher than for non-PID cases (1:103) (p < 0.05, Stu- 
dent's t test), but serial sera were not available for most 
of the latter group. 


Discussion 


Compared with Swiss patients reported by Muller- 
Scheop and associates,’ in all of whom there was peri- 
hepatitis or peritonitis, as demonstrated by laparos- 
copy, the FHC cases in this study may be characterized 
as m:lder and/or diagnosed and treated earlier in their 
course, since only one of five studied by laparoscopy 
had the classical evidence of fibrous perihepatitis with 
adhesions between the liver capsule and the parietal 
peritoneum. Nevertheless, in both groups of patients 
we found a very high proportion with “acute” C. 
trachematis antibody as defined by the presence of IgM 
antibody, fourfold titer changes, and unusually high 
antibody titers. The studies reported here with 
matched control groups add a dimension not available 
in the Swiss study, and make the evidence even more 
persuasive that C. trachomatis may cause the Fitz- 
Hugh-—Curtis syndrome. Although cultures for C. 
trachomatis were not performed routinely, the three 
FHC patients from whom C. trachomatis was isolated 
represent tne first culture-positive cases to be reported. 

Even with currently improved cell culture tech- 
niques, the sensitivity of C. trachomatis isolation may be 
limited in women. We previously isolated C. trachomatis 
from only 11 of 26 PID patients who demonstrated a 
fourfcld rise or fall in antibody titer to this agent, and 
others'® also have suggested that a single cervical cul- 
ture may be insensitive in patients with PID who have 
serologic evidence of C. trachomatis infection. 

Gor.ococcal inrection has previously been implicated 
almost exclusively as the cause of FHC.*® We have 
recovered gonococci from the cervices of 91 (45%) of 
204 patients with acute PID,*® but from only seven of 23 
FHC/?ID patients. The method used for isolation of N. 
gonorrs-oeae in this study was estimated to be about 80% 
sensitive; only a small proportion of patients with 
culture-negative PID had serologic evidence of gono- 
coccal infection or had sex partners with gonococcal 
urethritis.’ The important conclusion from this study 
and our previous study of Swiss patients with peri- 
hepatitis-peritonitis is to seriously question the stan- 
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dard view that FHC is due exclusively to infection with 
N. gonorrhoeae, and to suggest that C. trachomatis is 
causally related. 


It is of interest that neither C. trachomatis nor N. 


gonorrhoeae organisms have ever been recovered from 
the surface of the liver in cases of this intriguing syn- 
drome. Thus. the pathogenesis of FHC remains in- 
completely defined, but our serologic data have impli- 
cations in regard to the pathogenesis of FHC. The fact 
that the immunotype specificity of IgM antibody dif- 
fered from that of IgG antibody in seven of 11 FHC 
cases suggests that reinfection with a heterologous im- 
munotype of C. trachomatis may particularly predispose 
to FHC. In an experimental model (C. trachomatis eye 
infection in the monkey), we showed that heterologous 
reinfection could lead to unusually severe disease.'” '® 

The value of the micro-IF test for serodiagnosis of C. 
trachomatis infection in cases of FHC is well illustrated 
in this study. The importance of tests that are specific 
for IgM and IgG antibody for detecting acute infection 
is emphasized. We previously found that women at- 
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tending a public venereal! disease clinic had a high fre- 

quency of C. trachomatis antibody even in the absence of 

current symptoms.’ Differentiation of “acute” antibody 

from antibody residual from previous infection is necy 
essary in serologic diagnosis of C. trachomatis infection 

In association with current disease, especially in seyu- 

ally active women. 


Statistical analysis and matching were performed 
with the assistance of Jackie Benedetti, Ph.D., and 
Catnerine Critchlow, M.S. 


Addendum 


After these data had been presented, a Swedish re- 
port was published which adds important further 
corfirmation to the association of C. trachomatis with 
perihepatitis-peritonitis in women. Wglner-Hanssen 
and associates (Perihepatitis and chlamydial salpingitis, 
Lancet 1:901, 1980) have reported four cases described 
as Fitz-Hugh—Curtis syndrome, from which they iso- 
lated C. trachomatis and demonstrated serologic re- 
sponse. 
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Sacroiliitis in women—A late sequela to 


acute salpingitis 


KERSTIN HAGENFELDT, M.D. 
ERIKA SZANTO, M.D. 
Stockholm, Sweden 


Fifty-seven women who were treated for severe acute salpingitis between June, 1974, and June, 
1976, were examined in 1978, 24 to 48 months atter their first hc-spitalization. At the same time, 31 
healthy women matched for age and parity were examined. All patients and control subjects were 
examined independently by a gynecologist and a rheumatologist Forty-two of the patients and ail 
contro! subjects were examined by quantitative °°"Tc-pertechnetete scanning of the sacroiliac joints. 
These same joints also were examined by x-ray in the 57 patients. Sacroiliitis was documented in 
39 of the 57 salpingitis patients (68%) and in one of the control ¢4bjects (3%), a difference which 
was Statistically significant. There was no difference between the two groups in the presence of 
histocompatibility antigen HLA B27. The findings strongly sugges a correlation between severe 
acute salpingitis and sacroiliitis in women. (AM. J. OBSTET. GYNECOL. 138:1039, 1980.) 


CHRONIC ARTHRITIS Of the spine (ankylosing spon- 
dylitis and sacroiliitis) is much less common in women 
than in men; women usually constitute 4% to 10% of 
the clinical material.' 

The diagnosis of sacroiliitis usually is based on 
radiologic examination of the sacroiliac joints. Radio- 
graphically visualized alterations in these joints often 
are difficult to interpret. Furthermore, these changes 
may not be apparent until 2 to 3 years after the onset of 
the disease; consequently, the method is of little value 
for diagnosing early disease. Finally, radiographs are 
unreliable in the grading of current disease activity. 

In view of these shortcomings, a quantitative ®™Tc- 
pertechnetate scanning (QTPS) method has been used 
to identify and grade inflammatory involvement of the 
sacroiliac joints.” This method allows detection of early 
sacroiliitis before radiographic evidence is definite. 
The technique also minimizes the radiation dosage, an 
important factor when the test is used to investigate 
women of fertile age. 

Although some workers® * have found that sacroi- 
liitis is related to urogenital disease in men, no such 
correlation has been made in women.® We examined 
the records of patients who were born between 1930 
and 1960, and who were admitted to the Department 
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of Rheumatology, Karolinska sjukhuset, Stockholm, 
Swecen, for seronegative arthritis. Forty-three percent 
of the patients with sacroiliitis were women. This high 
frequency of sacroiliitis in women and the increased 
frequency of acute salpingitis in Sweden? prompted 
this ssudy, part of which was published previously.’ 


Material and methods 


Nirety women who had been admitted to the 
Department of Obstetrics and Gynecology at the Karo- 
linske Sjukhuset between June, 1974, and June, 1976, 
for acute salpingitis (World Health Organization 
612.01-612.09) were identified from hospital records. 
Patients were included in the study if they fulfilled the 
following clinical criteria (n = 72): (1) admitted for 
their arst episode of acute salpingitis, (2) fever >38° C 
on admission, (3) erythrocyte sedimentation rate (ESR) 
>20 mm, and (4) adnexal tenderness and palpable ad- 
nexal masses present at the time of the gynecologic 
examination. Other patients were included if a first 
episoce of severe acute salpingitis was diagnosed at 
laparcscopy or laparotomy (n = 18). 

In June, 1978, the 90 women were sent letters re- 
questing that they take part in a follow-up study to 
evaluate possible late effects of their disease. Two 
womer had moved abroad, and 10 had moved to other 
parts of Sweden and could not be included in the study. 
Ten women could not be found in the social register, 
three v-ere pregnant at the time, and eight did not want 
to take part in the study. The remaining 57 women 
compr-sed the study group. 
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Fig. 1. Distribution of QTPS index for the control group and 
the salpingitis group, classified by the radiographic grade of 
sacroiliitis (S.f.). QTPS was not performed in (a) five of the 15 
patients with “definite” sacroiliitis, (b, two of the 26 patients 
with “probable” sacroiliitis, and (c) six of the 15 patients with 
no sacroiliitis. A dash indicates a norma! QTPS index. (Repro- 
duced with the permission of Almqvist & Wiksell, Int., Up- 
psala, Sweden, from Szanto and Hagenfeldt.’) 


Treatment of the acute salpingitis had consisted of 
bed rest and antibiotic treatment with ampicillin and 
doxycycline for 10 to 30 days (mean, 18 days). Neisseria 
gonorrhoeae was the cause of the salpingitis in 15 of the 
57 patients (26%). No culture of other microorganisms 
was performed at the time of the hospitalization. 

Follow-up investigations done at 24 to 48 months 
after the first episode of acute salpingitis included the 
following procedures: (1) radiologic examination of 
the sacroiliac joints, with grading according to the 
New York criteria’: grade 0 = normal, I = suspicious 
changes, I] = minimal abnormality of erosion and scle- 
rosis, III = definite abnormality, and IV = complete 
fusion; we have combined I and II as “probable”; (2) 
QTPS of the sacroiliac joints*; (3) clinical examination 
by a rheumatologist; (4) clinical examination by a 
gynecologist; and (5) laboratory investigation, includ- 
ing ESR, hemoglobin, white blood cell count, micros- 
copy of urine, tissue typing of histocompatibility anti- 
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Table I. Results of radiographic examination of 
the sacroiliac joints of 57 women 24 to 48 months 
after an episode of acute salpingitis 





Na, % 
of subjects 


Sacroilitis grade 
(New York criteria) 


Grade I-II (probable) 26 : 
Grade III (definite) = 15 
Grade IV (complete fusion) y l 


No changes 15 


gens A, B, and C,’ and culture of bacteria from the 


- cervix. 


A control group of 31 healthy subjects matched for 
age and parity who had not experienced pelvic in- > 
flammatory disease were selected at random from a 
group of women whe were taking part in a clinical trial 
of a low-dose oral contraceptive pill. The control group 
underwent the same clinical and laboratory examina- 
tions as the study group, except that radiologic exami- 
nation was not performed in the control group. 

This study was approved by the Ethical Committee of 
the Karolinska Institute. 


Results 


The 57 study patients ranged in age from 19 to 34 
years (mean, 27.5 years). Thirty-two women had 
never been pregnant, and 25 women had one to three 
children. 

There were no differences in hereditary or predis- 
posing factors between the two groups. However, 40% 
of the study group experienced lower-back pain and/or 
stiffness, whereas only 5% of the control group had 
such complaints. 

In 15 patients, radiographic examinations of the sa- 
croiliac joints were normal; 26 patients had “probable” 
sacroiltitis, 15 had “definite” sacroilitis, and one had 
complete fusion of the joints (Table I). No radio- 
graphic examination was performed in the control 
women. 

The QTPS was performed in 42 of the 57 study pa- 
tients and in all 31 control women. Of the 42 patients 
investigated, 34 (81%) had an abnormally high QTPS 
index (Fig. 1). In contrast, only one of the 31 control 
women had an abnormal QTPS index. In four women 
with salpingitis but no radiologic abnormality, the 
QTPS method indicated inflammation in one or both 
joints. 

Thirty (53%) of the 57 patients with salpingitis had 
been treated for recurrent salpingitis during the 24 to 
48 months after the first episode. “Chronic salpingitis” 
was diagnosed by history and laparoscopy or laparot- 
omy in eight women. At the follow-up gynecologic 
examination, all control subjects were healthy, except 
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for one who had cervicitis. The culturing of specimens 
from the cervix identified the same frequencies of N. 
gonorrhoeae and Chlamydia trachomatis (10%) in both 


ecroups. A higher frequency of unspecified anaerobic 


microorganisms was identified in the salpingitis group. 
Ne other differences were found between the two 
groups with regard to ESR, white blood cell count, he- 
moglobin level, or urinary sediment. 

Antibiotic therapy was given to all women for whom 


_ the cervical cultures were positive for N. gonorrhoeae or 


C. trachomatis. The women with proved sacroiliitis and 


clinical symptoms were given a nonsteroidal anti- 


inflammatory drug (Naproxen) for var ious lengths of 
time. 

One year later, the symptoms in the 57 patients and 
in one of the control subjects who had sacroiliitis were 
reevaluated. Most women were symptom-free; how- 
ever, seven women with definite sacroiliitis had 
incapacitating backache and stiffness. None of the 
women had developed spinal symptoms. 

HLA B27 was found in 13 of the 57 women in the 


. salpingitis group, and in seven of the 31 contr ol wom- 


en. HLA B17 and HLA B38 were found in three pa- 
tients with sacroiliitis, one of whom also had psoriasis. 


Discussion 


At the first follow-up examination, 39 (68%) of the 
57 women in the salpingitis group were considered to 
have sacroiliitis on the basis of the QTPS, the x-ray 
films of the sacroiliac joints, and the clinical symptoms. 
Only 18 of the 57 women had no manifest, inflam- 
mation of these joints. In striking contrast, only one 
(3%) of the control women had an abnormal QTPS that 
indicated inflammation in the sacroiliac joints. 


If one assumes that all 33 women (from among the - 


Sacroillitis—Sequela to acute salpingitis 1041. 


original 90) who could not be examined were healthy, 
and if this assumption is correct, then the frequency of 
sacroiliitis 2 to 4 years after a first episode of severe 
acute salpingitis still would be as high as 43%. This 
figure is significantly higher than the 3% in the control 
group, indicating that sacroiliitis is a common late 
sequela of acute salpingitis. — 

The pathogenic role of various microorganisms in 
the development of complications of acute salpingitis is 
inccmpletely understood. In the present study, salpin- 
gitis associated with N. gonorrhoeae was no more likely to 
result in sacroilittis than was nongonococcal salpingitis. 
Other chronic lesions of the fallopian tubes occur less 
frequently after gonococcal ners than after non- 
ponccoctal disease.’ 

The frequency of HLA B27 in the anan group 
was higher than in the normal population but lower 
than in men with .uroarthritis.'® This’ might indi- 
cate that the development of sacroiliitis in women who 
are suffering from salpingitis is not due to a genetic 
predisposition but may be caused by a spread per 
conthiuitatem, as suggested recently by Namey and 
Binndo."! Therefore, the common occurrence of sac- 
roiliiis after acute salpingitis raises doubts about the 
adequacy of the antibiotic treatment at the time of the 
acute disease. 

“To further investigate the pathophysiologic features 
of sacroiliitis after PID, a prospective study is needed. 
This study should involve a meticulous microbiologic 
assessment at the time of the first episode of salpingitis, 
including all possible microorganisms from the fallo- 
pian tubes. Patients should receive adequate antibiotic 
treatment and be followed at various intervals by 
mean: of a low-irradiation technique, such as QTPS. 
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The treatment of pelvic inflammatory disease 


ELISABETH REES,- M.D. 
Liverpool, England 


The treatment of pelvic infiammatory disease depends upon the etiology of the condition. Pelvic 
infection (Pl) after parturition and abortion, gynecologic surgery ‘and a variety of invasive 
procedures is commonly associated with the isolation of anaercbic and aerobic flora of the vagina. 
The factors which influence the choice of antimicrobial treatment and the role of Bacteroides fragilis 
and Escherichia coli are discussed. Sexually transmissible agents of importance are Neisseria 
gonorrhoeae and Chlamydia trachomatis. Pelvic infections associated with these pathogens require 
antibiotics which exert an optimum effect against them. Examiration and treatment of the sexual 
partner(s} are important. The possible role of the anaerobic and aerobic vaginal flora as 
opportunistic secondary pathogens is discussed. Developments in the surgical treatment of the 
sequelae of PID are reviewed. The results of treatment of uncomplicated gonorrhea in 262 women 
are reported. C. trachomatis was isolated from 58% of women before treatment. After treatment, PI 
developed in 11 women who had been given panicillin and in one woman who had been given 
tetracycline (P = 0.0071). lt is suggested that racognition and “reatment of postgonococcal cervicitis 
in women treated for uncomplicated gonorrhea with penicillin might provide one form of preventive 
treatment for nongonococcal PI. (AM. J. OBSTET. GYNECOL. 138:1042, 1980.) l 


THE LARGE AMOUNT Of fundamental research into 
the etiology of pelvic inhammatory disease in recent 
years, particularly in Sweden and in the United States, 
has made us reexamine our basis for decisions regard- 
ing first-line antibiotic therapy for pelvic infection (PJ). 
New surgical procedures have evolved, including mi- 
crosurgica! techniques, for the repair of damaged tubes 
and the electrocautery lysis of pelvic adhesions. This 
work is, in turn, being influenced by research in tubal 
physiology, particularly that relating to the role of the 
ciliated tubal epithelium and other factors affecting 
ovum transport. . 

This article briefly examines the medical and surgical 
aspects of treatment, as well as one facet of preventive 
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treatment. Inflammation is not always due to infection. 
Trauma from surgical procedures can result in hista- 
mine release and the transudation of serum; organiza- 
tion of this response leads to the development of adhe- 
sions and scar tissue. Therefore, in speaking of medical 
treatment, the term PI rather than PID will be used. 

Ideally, antibacterial treatment of any infection is 
kased upon the identification of the causative or- 
ganisms in specimens taken from the infected site(s) 
and the sensitivity of the isolates to antibacterial agents. 
In the case of PI, specimens from the fallopian tubes 
znd pelvis can be collected only by laparoscopy. As a 
result specimens, particularly for sexually transmitted 
mfections, taken from the lower genital tract or those 
obtained by culdocentesis are examined and are pre- 
sumed to reflect the flora at the inflamed fallopian 
cubes. 

Research during the past few years has led to the 
identification of Chlamydia trachomatis as an importartt 
sexually transmissible agent; also there is little doubt 
that it causes salpingitis. Ureaplasma urealyticum and My- 
coplasma hominis also may cause salpingitis, although 
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evidence is lacking. Important developments in anaer- 
obic bacteriology have led to the recognition that many 
pyogenic infections are associated with a mixed flora 
ewhich is predominantly anaerobic. Anaerobes have 
been recognized as important agents in infection asso- 
ciated with abortion and parturition, and also are im- 
portant pathogens after gynecologic procedures or 
damage to the gut by operations or other trauma. 

The great debate about PIs not attributable to abor- 
tion, parturition, or gynecologic or operative proce- 
dures has been stated elegantly by Cunningham,’ on 
the one hand, and Eschenback and Holmes,’ on the 
other. Do the aerobic and anaerobic bacteria isolated 
from peritoneal fuid obtained by culdocentesis ascend 
from their normal location in the vagina to the upper 
genital tract and initiate de novo an inHammatory pro- 
cess? If so, why? And why only in sexually active wom- 
en? Or, on the other hand, are they opportunistic in- 
vaders secondary to inflammation caused by other 
primary pathogens from the cervix? 

One could argue that, when the question of treat- 
ment is raised, it does not matter whether they are 
primary or secondary invaders. But it does matter. 
First, if they are secondary and other agents are as- 
sumed to be primary, then the treatment may not be 
appropriate for the causative organism. Second, failure 
to identify a sexually transmissible agent will lead to 
failure to treat the partner and, hence, to reinfection. 

The need for directing treatment against all isolates 
in a mixed infection is not established. Certainly, in 
acute vaginitis due to Trichomonas vaginalis, a heavy 
growth of a large variety of aerobic and anaerobic or- 
ganisms can be identified, yet treatment with met- 
ronidazole will restore the normal flora. Errors may 
arise through failure to identify a primary pathogen. 
For example, a report of “no bacterial growth” was 
made after routine microbiologic investigation of a 
swab collected from the eye of a newborn infant who 
developed purulent conjunctivitis. In similar cases 
the report may be “scanty normal flora” or “scanty 
Staphylococcus albus—rsignificance.” Cell culture was 
necessary to identify the pathogen as C. trachomatis. 
Failure to eradicate one of two primary pathogens can 
result in the failure of initial treatment; recognition of 
this situation may be delayed by temporary suppression 
of one agent by the initial treatment. For example, an 
infant with conjunctivitis from whom both Neisseria 
gonorrhoea and C. trachomatis have been isolated will 
improve when treated with penicillin to eradicate the 
‘gonococcal infection. However, a low-grade conjuncti- 
vitis due to persistent C. trachomatis may continue and 
gradually recrudesce. 

Similarly, a dual infection of the fallopian tubes 
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Table I. Causes of pelvic infection 





Sexually transmissible azents 
Neisseria gonorrhoeae ` 
Chlamydia trachomatis 
? Mycoplasma hominis 
Ureaplasma urealyticum 
? Viruses 

Invasive procedures 
Dilatation and curettage 
Hysterosalpingography 
Tubal insufflation 
Termination of pregnancy 

Intrauterine contraceptive devices 

Abortion and parturition 


Pelvic peritonitis due to pathologic conditions in the gut 
Mycobacterium tuberculosis 
Tropical diseases 


might be diagnosed as gonococcal PI and treated ap- 
propziately for that particular pathogen. A residual 
chlamydial infection of the tube would remain, per- 
haps with secondary infection by anaerobic and aerobic 
vaginal and gut flora. | 

It is apparent that polymicrobial infections, particu- 
larly those involving the normal aerobic and anaerobic 
flora of the lower genital tract, are difficult to classify as 
pathogenic, opportunistic pathogenic, or commensal, 
and cause problems in treatment. There are many ways 
of classifying the etiology of PI. I have used the group- 
ing in Table I because treatment and management are 
varied along. these lines. 


Medical treatment 


PI associated with pregnancy and gynecologic and 
surgical procedures. Pelvic infections associated with 
pregnancy and gynecologic and surgical procedures 
are, in the majority of cases, caused by the normal 
anaerobic and.aerobic flora of the vagina and follow a 
disturbance of the environment. The predominant 
anaercbes are members of the Bacteroides species, and 
Bacteroides fragilis has been isolated from up to 79% of 
the cases of genital tract infection in this group. The 
predominant aerobe is Escherichia coli. Work by Bart- 
lett? with animal models suggests a distinctive role for 
these two organisms in infections that involve the 
peritoreal cavity. E. coli was associated with acute 
peritonitis, septicemia, and a high mortality rate, and 
B. fragilis with abscess formation. . 

Choice of treatment directed against anaerobes is 


influenced by the predominance of B. fragilis, since it is 


resistant to the penicillins, cephalosporins, aminogly- 
cosides, and tetracyclines. Effective antibacterials in- 
clude metronidazole, clindamycin, and chloramphen- 
icol. Ervthromycin has not been used widelv, but there 
is at present little in vitro resistance to it. Older formu- 
lations of erythromycin had variable bioavailability; 
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new formulations may be more consistent. Significent 
side effects are associated with both clindamycin and 
chloramphenicol, although these are uncommon. Pseu- 
domembranous colitis can follow ihe administration of 
clindamycin, and it should not be used when diarrhea 
is present. Resistance of some Bacteroides strains to chn- 
damycin has been reported. Aplastic anemia sub- 
sequent to the use of chloramphenicol is usually fatal. 
Willis and Jonest have suggested that the drug of 
choice for Bacteroides is metronidazole because i: is 
rapidly bactericidal for anaerobic organisms; achieves 
therapeutic levels in all body tissues and fluids after 
rectal, oral, and intravenous administration; has no de- 
tectable effect on gut flora; and is inexpensive, stable, 
and nontoxic. | 

Antibiotics which are effective against aerobes, in- 
cluding E. colt, are aminoglycosides, of which gentami- 
cin and kanamycin are commonly used examples. A 
combination of metronidazole and gentamicin could be 
the first choice in PI after pregnancy or an invasive 
procedure. Alternatively, gentamicin with clindamycin 
or chloramphenicol may be used. 

To avoid the need for a combination of antibacterial 
agents for mixed anaerobic/aerobic. infections, Sweet 
and Ledger® evaluated the new cephamycin, cefoxitin. 
They reported that 92% of 109 patients responded to 
treatment, and that pelvic abscess which required 
drainage was the major cause of failure. However, Sel- 
kon® has expressed. doubts about the efficiency of 
cefoxitin, on the basis of in vitro studies. He found that 
the relationship of pharmacokinetic parameters and 
the expected minimum inhibitory concentration was 
unsatisfactory. Furthermore, he observed that met- 
ronidazole produced sterile cultures within 6 hours 
and clindamycin within 30 hours, and that cefoxitin 
allowed regrowth to occur after an initial reduction. 
Clearly, further studies are necessary before sukstitut- 
ing cefoxitin for combined treatment: 

Even in the management of patiénts who appear to 
be in this group, consideration should be given to pos- 
sible sexually transmissible agents. Paavonen and asso- 
ciates’ have reported that among 51 patients who were 
admitted with PI associated with an intrauterire con- 
traceptive device, N. gonorrhoeae was isolated from 
eight, C. trachomatis from nine, and both agents from 
two. Neither the combined treatment nor cefoxitin 
would eradicate the chlamydial panggens 

Conclusion. 

l. Drug(s) of choice: metronidazole and gentamicin 

2. Alternatives: clindamycin or chlorampheniz ol and 
gentamicin 

3. Dosages: metronidazole tablets, 400 mg three times 
daily; metronidazole suppositories, 1 gm 2very 8 
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hours; gentamicin (intramuscular), =60 kg—80 mg 

every 8 hours, or <60 kg—60 mg every 8 hours; 

chloramphenicol, 0.5 to 1 gm every 6 hours; clin- 

damycin phosphate (intramuscular), 300 mg every 6% 

hours; clindamycin hydrochloride (oral), 300 mg 

every 6 hours : 

PI associated with sexually transmissible agents. N. 
gonorrhoeae and C. trachomatis are the most important 
sexally transmissible organisms recognized at present. 
The roles of M. hominis and U. urealyticum are not clear 
because of the high carriage rate in controls. There is 
some evidence, however, that U. ureatyticum has a 
pathogenic role in a proportion of cases of non- 
gonococcal urethritis (NGU) in men. | 

The isolation rate of N. gonorrhoeae from the cervix 
of women with PI varies from 10% to 20% in Sweden® 
anc. up to 85% in Memphis, Tennessee.’ The isolation 
rate is related to the prevalence of gonorrhea in the 
community and the population studied. The propor- 
tion of nongonococcal PI to gonococcal PI varies ac- 
cordingly. | 

Nongoncacoccal salpingitis is associated with sexual 
activity and multiple partners. For this reason, one 
might expect that sexually transmissible agents rather 
than normal aerobic/anaerobic flora were the primary 
pathogens. The latter may have an important role in 
secondary infection, particularly in abscess formation. 

[n the present state of our knowledge, I would sug- 
gest that treatment of nongonococcal PI not associated 
with pregnancy or invasive procedures should be with 
ar. antibiotic aimed at the agents of NGU, combined 
with an antianaerobic agent. Tetracycline with met- 
renidazole is a suitable combination. The new formu- 
lation of erythromycin stearate, rosaramicin, may pro- 
vide a single drug alternative because of its activity ` 
against anaerobes, including B. fragilis, but this treat- 
ment awaits evaluation. Treatment should be con- 
tinued for 14 to 21 days, and the sexual partrer should 
be examined and treated. 

Benzyl penicillin (penicillin G), 1 megaunit every 6 
tours, remains the treatment of choice in acute salpin- 
gitis associated with cervical gonorrhea in patients ad- 
mitted to the hospital. Prophylactic metronidazole can 
be added in severely ill patients. Failure to respond 
significantly to treatment in 24 to 48 hours suggests the 
presence of 6-lactamase—producing gonococci. Treat- 
ment failure or laboratory identification of B-lacta- 
mase-producing gonococci requires a change of treat- 
ment to a -lactam anubiotic—cefuroxime, cefoxitin, 
and spectinomycin have all been ‘successful. However’ 
these are expensive and may not be available— 
tetracycline, erythromycin stearate, or co-trimoxazole 
are alternatives, although difficulties may arise with 
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multiply resistant gonococci. The use of penicillin with 
the B-lactamase inhibitor clavulanic acid’? may be pos- 
sible in the future if a nontoxic formulation can be 
produced inexpensively. A preparation is now available 
for assessment. Follow-up rectal cultures are essential, 
since gonococci can persist in the rectum alone. Clinical 
assessment is important also. Minor symptoms and 
signs may indicate persistence of the agents of NGU or 
anaerobes if antibiotics that are ineffective or only par- 
tially effective against these organisms have been used. 
Appropriate treatment for 14 days is then advisable. 
Patients with subacute gonococcal salpingitis may be 
treated with an initial injection of benzyl penicillin, I 
megaunit, and oral ampicillin or amoxicillin, 500 mg 
four times daily for 7 days. Probenecid may be added 
when there is a high prevalence of chromosome- 


mediated penicillin resistance. Alternatively, tetracy- 


cline or erythromycin stearate, 500 mg every 6 hours for 
7 days, can be used if multiply resistant strains of 
gonococci are not a problem. Metronidazole should be 
given to patients who present late with low-grade in- 
fection and swelling of the appendages, Rosaramicin is 
yet to be evaluated. Early results in the treatment of 
NGU were poor, but a new formulation has improved 
bioavailability. 
Conclusion. 
l. Drug(s} of choice 
A. N. gonorrhoeae isolated 
(1) Acute infection—sodium benzyl penicillin 
and metronidazole; alternatives—cefurox- 
ime, cefoxitin, spectinomycin, and tetracy- 
cline hydrochloride, all with metronidazole 
(2) Subacute infection: amoxicillin, ampicillin, 
and probenecid; alternatives: oxytetracycline 
with metronidazole | 
B. N. gonorrhoeae not isolated—oxytetracycline and 
metronidazole; alternatives—erythromycin stea- 
rate and metronidazole 
2. Dosages: sodium benzyl penicillin, 1 megaunit every 
6 hours; metronidazole suppositories, 1 gm every 8 
hours; cefuroxime, 1 gm every 8 hours intra- 
muscularly; cefoxitin, 1 gm every 8 hours intra- 
muscularly; spectinomycin, 2 gm every 12 hours; 
oxytetracycline, 1 gm, then 500 gm every 6 hours; 


amoxicillin, 500 mg orally, then 250 mg every 8 ` 


hours; ampicillin, 1 gm orally, then 500 mg every 6 
hours; probenecid, 1 gm every 6 hours; erythromy- 
cin stearate, 1 gm orally, then 500 mg every 6 hours 


. Surgical treatment 


Colposcopy is used for diagnostic purposes, assess- 
ment prior to tuboplasty, the removal of ova for fer- 
tilization in vitro, and electrocautery of adhesions. 
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Apert from emergency surgical procedures for rup- 
tured tubal abscess and salpingectomy or drainage for 
pyo:alpinx, the surgical treatment of PID attempts to 
restore tubal patency in those cases which are suitable 
for tuboplasty. Research in this field has resulted 
fron the development of microsurgical techniques 
pioreered by Swolen,'' in Sweden, and has been rein- 
forced by the increasing number of women seeking 
advice about infertility. The procedures consist of sal- 
pingolysis (removal of tubal peritoneal adhesions which 
are causing partial obstruction); salpingostomy, which 
may be a simple fimbriolysis or the opening of a tube in 
the ebsence of fimbriae to aid in the pickup of ova; and 
excision of part of a tube. Ancillary measures, such as 
pros-hetic devices, corticosteroids, and postoperative 
hydropertubation may be used. Such procedures are 
contraindicated in patients with tubes severely dam- 
aged following endosalpingitis. The procedures are 
less likely to be successful even in mild cases of this type 
than in cases of relatively normal tubal mucosa and 
extersive adhesions. 

Cila are thought to be a prerequisite for ovum 
transDort in the ampulla. The role of cilia in rabbits has 
been demonstrated by Eddy and his colleagues.'? Using 
micrcsurgical techniques, those investigators reversed 
1 cm segments of rabbit oviduct and observed that the 
cilia in the reversed segment continued to beat in their 
origir al direction, whereas the cilia in the unreversed 
segment beat in the opposite direction. Ova trans- 
ported to the junction were arrested and, if manually 
displazed into the reversed segment, were returned to 
the junction. However, Jean and his colleagues‘? have 
repor ed the occurrence of pregnancy in a woman with 
Kartazgener’s syndrome, in which there is no ciliary ac- 
tivity throughout the body. The absence of tubal cilia in 
this petient was confirmed subsequently when she pre- 
sentec for tubal ligation. This suggests that the role of 
cilia is not critical for ovum transport. 

Comparisons between different techniques and dif- 
ferent workers are virtually impossible owing to the 
variabie case selection. Gomel,' using -microsurgical 
techniques for tuboplasty, reported results similar to 
those of Swolen—a 90% postoperative patency rate in 
41 patients followed for 1] year and a 29% intrauterine 
pregnency rate. 

Pauerstein® has stressed that patency is not nec- 
essarily equated with normal function. He and others 
have developed an ingenious method for measuring 
function in the rabbit oviduct, using radioactive micro- 
sphere: which accurately mimicked normal ovum 
transpcrt and an intrauterine detector of radioactivity. 
They are adapting the system for use in primates. 

For the women with very severely damaged tubes, 
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Table II. Profile of women who developed 
posttreatment PI 









Treatment 





Relevant factors Tetracycline 

No. of cases ll l 
Previous gonorrhea Z 0 
Previous PID l 0 
Oral contraception 5 l 
Intrauterine contraceptive device 2 0 
Never pregnant 6 0 
C. trachomatis isolated at initial 8 l 

treatment 
C. trachomatis reisolated at follow- 4 l 

up visit 
N. gonorrhoeae reisolated 0 0 
Admitted 4 l 
Minimal inhibitory concentration 10 0 


<0.125 U penicillin/ml 


continuing developments in transplantation may pro- 
vide a solution. If that fails, extracorporeal fertilization, 
which was achieved by Steptoe and Edwards,’* in En- 
gland, may be the only hope. 

Conclusion. Laparoscopy and the development of 
microsurgical techniques have.improved the fertil.ty of 
women in whom the fallopian tubes have been Jam- 
aged by PID. 


Preventive treatment 


Infection with multiple sexually transmissible agents 
is common. C. trachomatis has been isolated from 27% to 
63% of women with cervical gonorrhea. In Liverpool, 
our isolation rate in such women is 53% (139 of 262 
women). We have reisolated chlamydia from 84% of 
women infected with both agents who had been treated 
for uncomplicated gonorrhea with a single injection of 
penicillin and probenecid or ampicillin. Only 43% were 
chlamydia-positive in the first posttreatment test, 3 to 7 
days after treatment, indicating temporary suppression 
by penicillin. 

A clinical diagnosis of postgonococcal cezvicitis 
(PGC), the equivalent of postgonococcal urethritis 
(PGU) in the man, was possible in only 30% of cases. 
We made the diagnosis of PGC when persisting 
endocervical mucopus was found and cultures for 
gonococci were persistently negative. PGU has been 
reported in up to 65% of men treated for gonorrhea 
with penicillin. In general, men receive treatment for 
symptomatic or asymptomatic PGU, whereas women 
are not treated for PGC because the condition is 
difficult to diagnose. These facts pose the fo.lowing 
questions: (1) Is nongonococcal PI commen after 
treatment for gonococcal PI because the agents of 
NGU remain? (2) Are recurrent attacks cf non- 
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gonococcal PI common because penicillin and the 
cephalosporins are used frequently in treatment and 
botk. have poor activity against the agents of NGU? (3) 
In the event of antibiotics active against agents of NGUs 
beirg administered, is the patient being reinfected by 
an untreated asymptomatic partner who has PGU after 
his zreatment for gonococcal urethritis? 

Using two treatment schedules, we compared the in- 
cidences of PI after treatment of 262 women for un- 
complicated gonorrhea. Treatment A was one in- 
tramuscular injection of procaine penicillin, 1.2 mega- 
units, and either probenecid, 1 gm, or ampicillin, 1 gm, 
orally. Treatment B was the administration of oxytet- 
racycline, 500 mg four times daily for 7 days. Patients 
were unselected, except that treatment B was given to 
patients who had a history of hypersensitivity to 
penicillin, and treatment A was given to patients who 
had difficulty in swallowing tablets. Clinical and mi- 
crobiologic methods have been described previously." 

C. trachomatis was isolated from 52% of the 129 
women who were given treatment A and from 54% of 
the 133 women who were given treatment B. The 129 
women in group A ranged in age from 15 to 52 years; 
7C% were 24 years of age or younger. Eleven percent 
were married. Oral contraceptives were used by 58%, 
ard an intrauterine contraceptive device by 5%; 59% 
hed never been pregnant. The strains of N. genorrhoeae 
isolated were relatively sensitive to penicillin (minimal 
ichibitory concentration <0.125 U penicillin/ml) in 
73% of cases. There was a wide socioeconomic distri- 
bution: 27% were unemployed, 15% were unskilled 
workers, 23% were skilled workers, 4% were students, 
and 4% were professional women (nurses, teachers, 
social workers). Twenty-five percent were housewives. 
There was no significant difference between the two 
groups, with the exception that 59% of group A and 
28% of group B had never been pregnant. 

Routine follow-up of patients treated for gonorrhea 
consisted of three sets of tests carried out at 3 to 7, 14, 
znd 21 days. Prolongation occurred when patients de- 
layed reattendance. Chlamydia-positive patients were 
-sked to attend additionally at 6, 9, and 12 weeks. Cer- 
vical swabs for culturing of C. trachomatis were taken on 
each follow-up visit from those women who were 
-solation-positive before treatment. In group A, 4% of 
women defaulted after treatment; 14% attended once, 
21% twice, 38% three times, and 23% more than three 
times. The comparable figures for group B were 5%, 
16%, 17%, 17%, and 45%, respectively. The period of 
observation in group A was less than 14 days in 24%, IS 
to 28 days in 34%, and 29 to 90 days in 38%. Compa- 
rable figures in group B were 20%, 25%, and 50%, 
respectively. On retsolation, treatment for the chlamy- 
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dial infection was withheld until the third negative 
posttreatment test for N. gonorrhoeae had been com- 
pleted, then oxytetracycline, 250 mg four times daily 
efor 7 days, was administered. This accounts for the 
shorter period of follow-up in women who received 
treatment A. 

PI was diagnosed in 11 patients who had been given 
treatment A. The onset of pain was 1] to 35 days 
(mean, 15 days) posttreatment in the eight chlamydia- 
positive patients. The mean onset of pain was 6 days in 
the three chlamydia-negative patients. PI was diag- 
nosed in only one patient (chlamydia-positive) who was 
given treatment B. This difference is significant 
(x? = 7.243, P = 0.0971). . 

N. gonorrhoeae was reisolated from none of the 12 
patients who developed PI. C. trachomatis was reisolated 
from five patients before treatment with oxytetracy- 
cline, 500 mg four times daily for 14 days, was started 
because Of a clinical diagnosis of PI. Details on these 
Datients can be found in Table II. 

These results suggest that C. trachomatis or other 
agents of NGU that are sensitive to tetracycline and 
that cause PGC also may cause posttreatment PI in 
some patients treated for gonorrhea with penicillin. 
The anaerobic/aerobic flora involved in nongonococcal 
PI is not, in general, sensitive to tetracycline. It is sug- 
gested that the use of tetracycline in the treatment of 
gonorrhea or immediately after treatment with pen- 
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icillin or B-lactam antibiotics may provice one form of 
preventive treatment for nongonococcal PI. 
Conclusion. 

I. A course of oxytetracycline after routine treatment 
for uncomplicated gonorrhea may be administered 
tà eliminate possible coexisting infection with the 
agents of nongonococcal urethritis | 

2. Alternative: erythromycin stearate 

3. Dosage: oxytetracycline tablets, 500 mg every 6 
hours; erythromycin stearate tablets, 500 mg every 
6 hours. 


Summary 


In conclusion, I would say that the factors which 
need to be considered in the antibacterial treatment of 
PI must be assessed for individual patients and com- 
binee. with information on antbiotic sensitivity of the 
organisms isolated or prevalent in the area and on the 
antibacterial agents available to the physician. 

I aave made no clear-cut statements about an- 
tibacterial therapy, and in this I have been influenced 
by the wisdom of that distinguished American physi- 
cian Wiliam. Osler, to whom is attributed the state- 
ment, “The greater the ignorance, the greater the 
dogmatism.” 


I am indebted to Dr. D. Hobson for the isolation of 


C. trachomatis. Iam also indebted to Professor A. Perci- 
val fo? isolations and sensitivities of N. gonorrhoeae. 
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of acute salpingitis 
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isolation rates of microorganisms recovered by culdocentesis and/or laparoscopy in nine studies of 
salpingitis were multiplied by the proportions of each species which would be inhibited in vitro at 
peak and % peak serum levels of 13 antimicrobial drugs to yield a prediction of efficacy for the 
drugs. Efficacies of several hundred combinations of two and trree of these drugs were estimated 
also. Some pairs of oral drugs were predicted to be as efficacicus as some parenteral regimens of 
two cr three drugs now in use. The predictions ‘vith this model parallel the results of some recently 
reported studies of therapy for salpingitis, and the model may prove to be a useful tool for future 
trials and therapy. (AM. J. OBSTET. GYNECOL. 158:1048, 1980.” 


ACUTE SALPINGITIS is unusual among infectious 
diseases in its diverse microbiologic features. The 
difficulties of simultaneously considering the preva- 
lences of the various organisms associated with the dis- 
ease and their antimicrobial sensitivities led us to use a 
computer to weigh the theoretical merits of several 
hundred combinations of drugs. 


Methods 


We analyzed nine reports of microbiologic studies of 
acute salpingitis in which specimens for culturing were 
obtained either by culdocentesis or laparoscopy. ™?’ Al- 
though not strictly comparable in patient selection and 
diagnostic procedures, all the studies reported the re- 
sults of microbiologic tests for a broad spectrum of or- 
ganisms. Recovery of Chlamydia trachomatis, Myccplasma 
hominis, Ureaplasma urealyticum, Candida, and viruses 
was not attempted in all studies. We calculated the pre- 
valence of each organism by dividing the frequency of 
its isolation by the number of isolation attempts made 
in all the studies (ALL) (Table Ii and in the studies 
using only laparoscopy (LAP)*8 (Table I). The aver- 
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age number of isolates per patient was 2.0 in ALL stud- 
ies and 0.5 in LAP studies. Conspicuously absent from 
the laparoscopy isolates were Bacteroides fragilis, Esch- 
ertchia colt, and B-hemolytic streptococci. 

We selected 13 drugs that seemed to be useful in 


' treating salpingitis, and from published sources de- 
_Tived anticipated peak serum levels (PSLs) for 23 vari- 


ations in dose and route of administration'®- (Table 
ITI). We also used one half the PSL (14 PSL) as an 
estimate of tubal drug concentrations. From yet 
other publications, we estimated the proportions of iso- 
letes inhibited in vitro at the dilution point of each 
drug, not exceeding the serum level under consid- 
evation.® 1% H* We selected approximately 450 combi- 
nations of two and three drugs which seemed to be 
practical and therapeutically compatible.’ Drug 
synergy was considered only for the components of 
co-trimoxazole (considered as only one drug in this dis- 
cussion); otherwise, the greatest probability of inhibi- 
tion of the species by any drug in the combination was 
used. Microbial interactions were not considered. 

An efficacy score for each regimen of one, two, or 
three drugs, expressed as percent of isolates inhibited, 
was derived by dividing the sum of the products of the 
mdividual organisms’ prevalences and probabilities of 
inhibition (corrected with the angular transformation 
Tor proportions'’) by the sum of prevalences: 


iage 2 (prevalence) (probability of inhibition) 


2 prevalence 


*Complete list of references available from the authors. 
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Table I. Prevalence of isolates—ALL studies* 


Organism | Prevalence (%) 


e  Peptococcus sp. 27 
Bacteroides sp. 2 
Peplostreptococcus sp. 16 

« Viruses 13 
Neisseria gonorrhoeae 13 
Streptococcus, group D 9 


Staphylococcus viridans 
Escherichia coli 
Mycoplasma hominis 
Ureapiasma urealyticum 
Strepiccoccus, ungrouped 
Staphylococcus epidermidis 
Corynebaciertum sp. 
Chlamidia trachomatis 
Anaerobic coca: 
Gaffkya sp. 

Clostridium sp. 
Streptococcus, group B 
Propionibacterium sp. 
Eubacterium sp. 
Lactobacillus sp. 
Corynebactertum vaginale 
Veillonella sp. 

Candida sp. 
Fusobacterium sp. 
Hemophilus influenzae 
Staphylococcus aureus 
Proteus mirabilis 
Streptococcus, group A 
Klebsiella sp. - 
Rumimococcus sp. 
Proteus sp. 

Acinetobacter sp. 
Bifidobacterium sp. 
Acidaminococeus sp. 
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Enterobacter sp. <i 
Aerobacter sp. <I 
Hemophalus sp. <] 


*Average, 2.0 isolates/ patient. 


Viruses were excluded from these and all subsequent 
calculations. 

We calculated the variance for each efficacy score 
weighted for the prevalences of the bacterial isolates in 
the LAP- studies. Using the 5% level of significance 
(a = 0.05, two-tailed), we applied the Newman-Keuls 
test for comparison of multiple treatment means to the 
differences between efficacies." We estimated sample 
sizes necessary for Getecting differences with various 
degrees of certainty (1-8) with the method of Al- 
Bayyati.?° | ; 

We compared the predictions of our model to the 
results of some recent trials of therapy for salpingitis. 


e Results 


Predicted efficacies and sample sizes. Fig. 1 shows 
predicted efficacies for single drugs at % PSLs against 
LAP isolates. In this double matrix, the same drugs are 


e 
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Table II. Prevalence of :solates—LAP studies* 


, Organism | Prevalence (%) l 


Viruses 13 
Chlamydia trachomatis 
Mycoplasma hominis 
Neisseria gonorrhoeae 
Ureaplasma urealyticum ` 
Hemophilus influenzae 
Peptococcus sp. 
Staphylococcus aureus 
Staphylococcus viridans 
AHemophilus sp. 
Enterobacter sp. 
Peptostreptococcus sp. 


met ee ee me eo oh OU CH 


* Average, 0.5 tsolates/patient. 


Table III. Drugs analyzed 


Dose PSL 
(mg) Route (g/ml) 


Drug 

Ampicilin 500 Oral 3.8 
: 500 Intravenous 9.0 
1,000 Intravenous 40.0 
Carbericillin 2,000 Intravenous 125.0 
5,000 Intravenous 200.0 
Cefoxit.n 2,000 Intravenous 64.0 
2,000 - Intravenous 32.0 
Cephalexin 500 Oral 17.5 
Cephalathin 2,000 Intravenous 100.0 
Chloraraphenicol 500 Oral 10.0 
500 Intravenous 10.0 
Clindaraycin 500 Oral 5.0 
300 Intravenous 15.0 

Co-trimoxazole 
Trimethoprim i160 | Oral 2.9 
6.7/kg’ Intravenous 15.0 
Sulfamethoxazole 800 Oral , 50.0 
33.0/kg Intravenous 225.0 
Erythromycin 500 Oral 3.4 
500 Intravenous 10.7 
Gentamicin 80 Intravenous 8.0 
Metronidazole 500 Oral 10.0 
l 600 Intravenous 35.2 
Penicillir. G 3,000 Intravenous 16.8 
Tetracycline 500 Oral 5.0 
i 500 Intravenous 15.0 


listed in order of decreasing efficacy along both axes. 
The respective efficacies are shown only in the vertical 
axis, but are the same in the horizontal axis. Above and 
to the rght of the diagonal, differences in efficacies 
between drugs along the axes are shown; sample sizes 
necessary for a 50% chance of detection of statistically 
significant differences (1-8 = 0.5) are shown to the left 
and below the diagonal. Comparisons that are statisti- 
cally different from each other are to the right of the 
vertical scepwise line (differences between efficacies) or 
below the horizontal stepwise line (corresponding 
sample sizes). To illustrate the difficulty of performing 
clinical trials of similarly efficacious regimens, we also 
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Fig. 1. Predicted efficacies for single drugs at 4 PSLs egainst organisms isolated by laparoscopy, with 
sample sizes necessary to show differences (a.< 0.05, 1-8 = 0.5). Regimens are ranked by their 
efficacies along the axes. The upper right half of the table shows differences between regimens. The 
lower left matrix shows the sample size necessary far a 50% probability of detecting a difference 
between regimens. Those differences to the right of the vertical stepwise line dre significant by the 
Newman-Keuls test. Those values below the horizontal stepwise line are the sample sizes associated 
with the significant differences between regimens in the upper right half of the table. TE, tetracy- 
cline; CBs, carbenicillin, 5 gm; C, ch.oramphenicol CB,, carbenicillin, 2 gm; CX, cefoxitin; CT, 
co-trimoxazole; ER, erythromycin; CL, céphalothin; AM, ampicillin; CC, clindamycin; PEN, penicil- 
lin; GM, gentamicin; CLX, cephalexin; MZ, metronidazole. An asterisk indicates an oral regimen 
(chloramphenicol by either oral or intravenous route}. Superscript numbers designate multiplication 
factor of 10 to power in superscript, e.g., 1.9%= 1.9 x 10%. 
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have shown sample sizes for comparisons which we 
would not predict to be significantly different. 

Great differences between the relative efficacies of 
drugs against ALL and against LAP isolates were 
sometimes noted. For example, intravenous tetracy- 
cline ranked first (tied with carbenicillin) against LAP 


isolates, but only fifteenth against ALL isolates. Serum - 


levels in the ranges which we considered generally had 


little effect on efficacies against ALL or LAP isolates. 


Efficacies were identical for both doses of cefoxitin. 
The same PSL was used for either route of administra- 
tion of chloramphenicol, the oral drug which was most 
efficacious against LAP isolates. i 

The 28 regimens most efficacious against LAP iso- 
lates are shown in Table IV. They were not sig- 
nificantly different from each other (p > 0.05). Of 
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special interest was that two pairs of parenteral drugs— 
gentamicin with clindamycin or carbenicillin—and one 
combination of oral drugs—chloramphenicol, tetracy- 
cline, and co-trimoxazole—were as efficacious as the 
most efficacious: combinations of three parenteral 
drugs. These highly efficacious regimens included par- 
enteral drugs, co-trimoxazole, and metronidazole, 
which are not now commercially available in the United 
States. 

Table V shows and compares the efficacies of several 
published regimens? ®™ and five combinations of oral 
drugs of our own invention (accompanied by § instead 
of a reference number) against LAP isolates. Each 
group of drugs bracketed on the right was significantly 
different in efficacy from the other bracketed group 
connected to it by a vertical line. The combination of 
oral co-trimoxazole and tetracycline (94%) was not 
significantly less efficacious than that of intravenous 
gentamicin and clindamycin with or without ampicillin 
(96%). This oral regimen was significantly more ef- 
ficacious than the commonly used regimens of oral tet- 
racycline, oral ampicillin, and parenteral ampicillin. 
Ampicillin, orally or at the lower intravenous dose (0.5 
gm), also was significantly less efficacious than three 
other oral regimens: chloramphenicol with co-trimoxa- 
zole, chloramphenicol with tetracycline, and co-tri- 
moxazole with clindamycin, Chloramphenicol with co- 
trimoxazole, not shown here, was the oral pair most 
efficacious against ALL isolates at 4 PSLs. 

In Fig. 2, the same double matrix format used in Fig. 
1, these same five oral pairs are compared with eight of 
the. published regimens of Table V. The largest sig- 
nificant difference between efficacies, 29% (gentamicin 
with clindamycin with or without ampicillin vs. am- 
picillin orally), would require 21 patients in each treat- 
ment group for a 50% probability (1-8 = 0.5) of dem- 
onstrating the difference. For a trial with a 90% prob- 
ability of showing this difference (1-8 = 0. 9), 59 pa- 
tients would be required in each treatment group. Only 
one microbiologic study of salpingitis had at least this 
many patients, kes H18. 

Comparison with previous therapeutic trials. When 
applied to the isolates and prevalences in 30 hospi- 
talized patients recently reported by Thompson and 
associates,’ our model predicted efficacies of 81% for 
parenteral ampicillin and 92% for penicillin with gen- 
tamicin at '4 PSLs. Their observation that there was no 
difference in rates of improvement between treatment 
groups parallels our prediction that there is no statisti- 
cally significant difference in efficacies between these 
regimens against their isolates. 

If this difference of 11% between these regimens 
were really significantly different, we would estimate 
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Table IV. Efficacies of 28 most efficacious 
regircens: assuming 4 PSLs and LAP . 
isolates (all drugs given intravenously unless 
otherwise stated) 


| Regimen ; | Efficacy (%) 


Carbeaicillin 5 gm, erythromycin, clindamycin 97 

Gentamicin, erythromycin, cindamycin 97 

Tetracycline, co-trimoxazole, metronidazole 97 

Gentanicin, co-trimoxazole, clindamycin 96 

Gentamicin, co-trimoxazole orally, clindamycin 96 

Erythromycin, co-trimoxazole, clindamycin 96 

Erythromycin, co-trimoxazole orally, __ 96 
clincamycin 

Chloramphenicol, tetracycline, co-trimoxazole 96 

Chloramphenicol, tetracycline, c co-trimoxazole 96 
orally 

Chioramphenicol, tetracycline orally, 96 

~ co-tr:moxazole 

Chloramphenicol, tetracycline orally, 96 
co-tr:moxazole orally 

Chloramphenicol orally, tetracycline, 96 
co-trimoxazole 

Chloramphenicol orally, tetracycline, ; 96 
co-trimoxazole orally 

Chloramphenicol orally, tetracycline orally, 96 
co-trimoxazole ; 

Chloraraphenicol orally, tetracycline orally, 96 
co-trimoxazole orally l 

Gentamicin, clindamycin, ampicillin 1 gm 96 

Gentamicin, clindamycin, ampicillin 0.5 gm 96 

Gentamicin, clindamycin 96 

Tetracycline, co-trimoxazole orally, 96 
metronidazole 

Tetracycline, co-trimoxazole, metronidazole 96 
orally 

Tetracycine, co-trimoxazole orally, 96 

_ metronidazole orally 

Tetracycline orally, co-trimoxazole orally, 96 
metronidazole 

Gentamicin, clindamycin, penicillin 96 

Gentamicin, clindamycin, carbenicillin 5 gm 96 

Gentamicin, clindamycin, cefoxitin 2 gm 96 

Gentamicin, clindamycin, cefoxitin I gm 96 

Gentamicin, carbenicillin 5 gm, 96 

Gentamicin, clindamycin, cephalothin 96 


that eacà treatment group would require 157 patients 
in a study, with a 50% probability of demonstrating this 
difference. For a 90% probability of showing such a 
difference, 440 patients. would be necessary in each 
group. Against our list of LAP isolates, 31 and 87 pa- 
tients per treatment group would be required to show 


the difference of 24% between these regimens with 


50% and 90% probabilities (1-8 = 0.5 and 1-8 = 0.9) 
respecti ely.. 

Cunningham and associates? compared results. of 
treatment with oral tetracycline and oral ampicillin in 
197 outpatients, in somé of whom specimens for cultur- 
ing were obtained by culdocentesis.* They did not at- 
tempt tc isolate mycoplasmas or chlamydiae. Thirty 
percent cf control culdocenteses yielded growth. They 
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Table V. Efficacies of published regimens and five oral pairs: assuming 4 PSLs and LAP isolates 


(all drugs given intravenously unless otherwise siated) 
Regimen 


Ampicillin 0.5 gm, gentamicin, clindamycin”! 
Penicillin, gentamicin, clindamycin” 
Clindamycin, gentamicin? 
Co-trimoxazole orally, trac ycuine orally* 
Ampicillin 1 gm, gentamicin” 

Penicillin, gentamicin” 

Cephalothin, gentamicin” 

Penicillin, clindamycin” 

Ampicillin 0.5 gm, gentamicin®? 
Co-trimoxazole orally, chloramphenicol* 
Chloramphenicol orally, tetracycline orally* 
Co-trimoxazole orally, clindamycin orally* 
Ampicillin 1 gm, clindamycin™ 

Ampicillin 0.5 gm, clindamycin” 
Carbenicillin*® 

Tetracycline’! 

Tetracycline orally, metronidazole orally* 
Cefoxitin™ 

Cephalothin® 

Ampiallin 1 gmi” 

Tetracycline orally”! 

Ampicillin orally; clindamycin orally?’ 
Penicillin” 

Ampicillin 0.5 gm 

Ampiallin orally®! 


*Five hypothetical oral combinations. 


found no significant difference between treztment 
groups in the duration of symptoms after treatment 
began. | A 

Our estimates of the efficacies of ampicillin and tet- 
racycline at  PSLs against their isolates are 82 % and 
41%, respectively, a difference which should be 
demonstrable with 90% (1-8 = 0.9) probability using 
groups of 22 patients each. However, against our list of 
LAP isolates, these regimens were not significar.tly dif- 
ferent (p > 0.10), and had they been, sample sizes of 
390 each would have been required for a 50% chance 
of detection of the difference. 


Discussion 


Our model utilized published reports of in vitro ef- 
fects of drugs tested by many methods anc inves- 
tigators, against microbial isolates from various diseases 
which occurred: in geographically scattered patients 
over mariy years. Our assumptions about the interac- 
tions among drugs and microorganisms are necessarily 
simplistic because of the lack of information on the 
myriad possibilities in such a complex disease. Our 
method of predicting drug efficacy presupposes equal 
and independent pathogenicity of all microbial isolates, 
an assumption for or against which there is -ittle ex- 
perimental evidence. 

The microbiologic features of salpingitis seem to 
vary greatly among the regions and populations in 


Efficacy (%) e 


which salpingitis has been studied. We have em- 
phasized the results of the culturing of specimens ob- 
tained by laparoscopy rather than culdocentesis while 
noting that the microbiologic results with the former 
technique have come from only two hospitals—in 
und, Sweden, and San Francisco, California. 

In spite of these limitations, our model correlated 
well with the results of the study by Thompson and 
colleagues,” in which a broad range of microbial species 
was sought. Some of the discrepancy between our esti- 
mate of drug efficacies against our list of LAP isolates 
and against. Thompson’s isolates may have been due to 
the inherent sampling error in a study of only 30 pa- 
tients, as well as to geographic, demographic, and tem- 
poral variations in the microbiologic characteristics of 
this disease. 

Microbiologic technique partly explains the discrep- 
ancy between the observed relative efficacies of am- 
picillin and tetracycline i in the study by. Cunningham 
and associates”? and our predictions of the efficacies of 
these drugs against their isolates.’ If the cultures from 
patients with salpingitis were contaminated to the same 
extent as those of the controls, and if these contami- 
nants were mostly vaginal anaerobes and coliforms, tle 
predicted efficacy of ampicillin, which is more active 
against:these organisms, would be exaggerated. If cul- 
turing for mycoplasmas and chlamydiae had been per- 
formed and had yielded organisms as frequently as in 
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Fig. 2. Predicted efficacies of 13 regimens at 44 PSLs against organisms isolated by laparoscopy: with 
sample sizes necessary to show differences between regimens (a = 0.05, 1-8 = 0.5). Matrix format 


and symbols as in Fig. 1. 


some other studies,* * the predicted efficacy of tetra- 
cycline would have been increased. The extent of these 
distortions cannot be ascertained from the available 
data. 

Without knowledge of the results of cultures ob- 
tained at laparoscopy, even a combination of seven 
drugs would not inhibit all strains of all possible isolates 
from the fallopian tubes. Evidence of the clinical use- 
fulness of such cultures and susceptibility testing of iso- 
lates is lacking. The common practice (in the United 
States) of treating most patients with oral drugs as out- 
patients probably will continue. Their potential adverse 
effects aside, pairs of oral drugs should be more effec- 
tive than ampicillin or tetracycline alone as treatment 
for these patients. Ideally, regimens from our model 
should be subjected to controlled clinical trials, but we 


envisicn possibly insurmountable problems in their 
implementation: elusive patients averse to invasive 
procedures, disagreeing diagnosticians, fastidious mi- 
croorganisms, and variable delay between therapy and 
the ultimate test of cure—a normal pregnancy. Addi- 
tionally, enormous resources and effort would be re- 
quired for the recruitment of adequate numbers of 
patients, especially if they were matched for such vari- 
ables as age, prior episodes of the disease, and micro- 
biologic findings. Pending such studies, theoretically 
derivec therapies may improve the prognosis of this 
complex disease. 


We wish to thank Charles E. Irwin, Jr., M.D., George 
F. Brocks, M.D., and Richard L. Sweet, M.D., for ma- 
terial assistance and advice, and Alan G. Bostrom, 
Ph.D., tor statistical consultation. 
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Tubo-ovarian abscess: A retrospzctive review 


DAVID S. GINSBURG, M.D. 
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KAMAL A. HAMOD, M.D. 
RENE GENADRY, M.D: 
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Baltimore, Maryland 


The charts of 160 patients with tubo-ovarian abscesses (TOAs) were reviewed. Patients were 
divided into two groups according to their response to initial medical therapy. Predictive factors were 
identified for the two groups. Prognosis was predictable on the basis of extent of disease at 
diagnosis and the initial response to medical therapy. There was m apparent association between a 
unilateral TOA and the use of an intrauterine contraceptive device. A minimum pregnancy rate of 
8% was observed in patients maintaining reproductive function. Nc patient with a bilateral TOA 
conceived. Of all patients admitted to the hospital with TOA, 53% ultimately required surgical 
therapy. High residual morbidity and/or resultant infertility mandates more aggressive attempts at 


prevention. (AM. J. OBSTET. GYNECOL. 138:1055, 1980.) 


THE INTRAABDOMINAL rupture of a tubo-ovarian 
abscess (TOA) has been one of the most serious com- 


plications of pelvic infections. Medical therapy of this . 


condition has been associated with a mortality rate 
varying from 50% to 90%." ? In view of this, Vemeeren 
and TeLinde,* in 1954, and Mickal and Sellman,’ as 
recently as 1969, have proposed that a total abdominal 
hysterectomy and bilateral salpingo-oophorectomy is 
the treatment of choice. This has been reported to re- 
sult in a sevenfold decrease in deaths.’ 

The management of the patient with an unruptured 
TOA remains controversial and generally is decided on 
the basis of the patient’s age, parity, and clinical cir- 
cumstances. Although in the past TOA occurred 
primarily in an older age group, over the past several 
decades a progressively younger patient group has 
been encountered. The young patient with a TOA who 
desires to maintain reproductive function presents a 
significant dilemma to the gynecologist today. 

We have conducted a retrospective study of patients 
with TOAs to define the epidemiologic and clinical fac- 
tars associated with a response to medical management. 


: From the Department of Gynecology and Obstetrics, The 
Johns Hopkins Hospital, Baltimore, Maryland. 


Reprint requests: Michael R. Spence, M.D., Department 
of Gynecology, The Johns Hopkins Hospital, Harvey 309, 
Baltimore, Maryland 21205. 


Matərial and methods 


We reviewed the clinical histories of 160 patients 
admited to the gynecology service of the Johns Hop- 
kins H-ospital with the diagnosis of tubo-ovarian abscess 
during the years 1969 to 1979. The diagnosis of TOA 
was besed on the clinical presentation and confirmed 
by physical examination, sonography, diagnostic lapar- 
oscopr, or exploratory laparotomy. Patients in whom 
the admission diagnosis of a TOA was not confirmed, 
as wel as those with postoperative pelvic abscess, were 
excluced from the study. 

The management of patients with a TOA consisted 
of intensive intravenous antibiotic therapy and general 
supportive measures including fluids, nasogastric suc- 
tion, and blood replacement when necessary. A re- 
sponse to medical therapy was defined as an absence of 
fever, a decrease in white blood cell count (WBC) by at 
least =000/mm, a decrease in the size of the mass, as 
well æ improvement of symptoms. Surgery was re- 
servec for cases of rupture, abscesses accessible to ex- 
traperitoneal drainage, and those cases refractory to 
medical management. 

Patiznts were divided into two groups. Group I con- 
sisted of cases of TOA managed conservatively with 
intravenous antibiotics and demonstrating an adequate 
response. This group was then subdivided according to 
patients who did not require later surgery (group IA) 
and patients who underwent surgery during a read- 
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Table I. Epidemiologic data 


l Mean age Nulliparity History of PID : 
Group No . (yr) (%) (%) IUD (%) 
10 © 2 
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I (Medical therapy l 25.5 51 
IA (No subsequent surgery) 76 23 37 53 49 
IB (Subsequent surgery 34 29 20 53 53 
I (Immediate surgery) _50 30.8 32 _ 42 40 
Total of I and I] 160 26.5 28 49 47 


Table II. Clinical data on admission 





Fever > 100.4° F (%) Size > 8 cm (%) Unilateral (%) 
1i0 76 46 66 


WBC > 12,600 (%) 


I 75 
IA 76 79 41 68 76 
IB 34 71 56 62 73 

Il 50 74 80 34 73 

Total of I and II 160 76 56 56 75 


Table IJI. Clinical response to therapy 


i Decrease in 
Group No. mass size (%) 


IA 76 61 92 
IB 34 4] 62 


Decrease in 
WBC (>3000) £%) 


mission for persistence or recurrence of disease (group 
IB). Group JI mcluded patients who required surgery 
during the acute phase because of failure to respond to 
the medical regimen. 

Epidemiologic factors, clinical data, and hospital 
course were analyzed for each group and compared. 
An attempt was made to identify factors associated with 
failure of the medical regimen. Follow-up data were 
obtained on persistence and recurrence of pelvic infec- 
tion. Patients not subjected to hysterectomy were ana- 
lyzed for subsequent fertility. 

The chi-square test was used for statistical analysis of 
the data. 


Results l 
Group I consisted of 110 patients, 76 patients in 


group IA and 34 patients in group IB. Group II con-~ 


sisted of 50 patients. 

Epidemiologic data (Table I). The mean age of pa- 
tients responding to medical therapy (group I) was 
lower than that of those who did not respond (group 
II). Furthermore, a significantly larger number of nul- 
liparous patients was noted among those responding to 
medical therapy. Incidence of a past history of pelvic 
inflammatory disease and use of an intrauterine con- 
traceptive device (IUD) did not differ significantly be- 
tween group I and group II patients. 


Table IV. Surgical procedures 


Group | No. | TAH/BSO* | Unilateral adnexectomy | Drainage 


IB 34 32 1 l 
I 50 40 4 6 


*Total abdominal hysterectomy/bilateral salpingo-oopho- 
rectomy. 


Clinica] data on admission (Table II). The inci- 
dences (>100.4° F) and leukocytosis 
(> 12,000/mm*) were not different between the two 
groups of patients. On the other hand, a large TOA 
(>8 cm) was encountered more frequently in the surgi- 
cally treated group (p < 0.005). A unilateral TOA was 
diagnosed more commonly in patients responding to 
medical therapy (group I) (p < 0.025). In addition, 
51% of patients with a unilateral TOA used an IUD, 
whereas 61% of patients who used an IUD had a uni- 
lazeral TOA. 

Only four of 115 blood cultures were positive. All 
culture isolates were Bacteroides species. N. gonorrhoeae 
was cultured from the cervix of 25% and 19% of pa- 
tients in groups I and II, respectively. Abscesses cul- 
tured at surgery were positive for at least one aerobic 
or anaerobic bacterium in 56% of cases. 

Prognostic factors (Table III). Clinical response as 
defined by a decrease in temperature, WBC, and size of 
tke mass was determined in each group. All patients in- 
group I became afebrile. A decrease in the size of the 
mass was noted in 61% of patients in group IA and 
41% of those in group IB (p < 0.025). A decrease in 
WBC occurred in 92% of individuals in group IA and 
62% of those in group IB (p < 0.005). Patients in 
group II failed to.defervesce and to meet one or more 
o7 these criteria. The mean interval from admission to 
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Table V. Follow-up 
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I 
1A nee a 
IB 34 100 
ul 50 76 
Total of I and II 160 83 


26.5 
25.5 
28.8 
25.9 
26.3 


9.5 
a 13.0 

100 2.9 
12 0 
67 7.5 





IB 
II 56 i 


surgery was 5.5 days. Four ruptured TOAs were en- 
countered, two of which were suspected at the time of 
admission. 

Treatment (Table IV). Patients were treated me 
cally with broad-spectrum antibiotics, with multiple 
agents being employed frequently. Surgery for refrac- 
tory cases (group II) usually entailed total abdomi- 
nal hysterectomy and bilateral salpingo-oophorectomy 
(80%). A unilateral adnexectomy was performed in four 
patients, while six patients underwent abscess drainage 
only. 

Follow-up (Table V). Follow-up was possible for 83% 
of the patents. They were followed for 1 to 120 
months. The average duration of follow-up was 25.5 
months in group IA, 28.8 months in group IB, and 
25.9 months in group Il. Of the 61 patients in group 
IA who were followed, 80% had persistent or recurrent 
disease. Of these, 19 developed recurrent PID and four 
developed an acute TOA, while 26 had persistent pain, 
a residual mass, or adnexal thickening. Intrauterine 
pregnancies occurred in nine of 95 patients in group I 
who were followed. All occurred in patients with a uni- 
lateral TOA. There were no ectopic pregnancies. 

There were two patients in group IB who were 
treated with conservative surgery (Table IV). One 
patient underwent unilateral adnexectomy without 
evidence of recurrent or persistent disease. The other 
patient was treated by colpotomy and responded, and 
diagnostic laparoscopy performed 4 years later for in- 
fertility revealed bilateral hydrosalpinx. 

In group II, 10 patients underwent conservative sur- 
gery (Table [V). Of the four patients treated by unilat- 


eral adnexectomy, cne patient required definitive sur- 


gery 3 years later, two patients did well, and one patient 
was lost to follow-up. Of the six patients treated by 
colpotomy, four had evidence of residual adnexal 
thickening, and two were lost to follow-up. There were 


two pazients in whom an attempt was made to conserve 
one ovary. One had no recurrence in an 8 year follow- 
up, while 6 months later the other patient developed a 
recurrent abscess that required drainage. No preg- 
nancies occurred in the 10 patients in group II who 
had urdergone conservative surgery. 

No patient in any group who underwent a total ab- 
dominal hysterectomy and bilateral salpingo-oopho- 
rectomy required additional pelvic surgery. 
= Surgical morbidity (Table VI). Abdominal wourid 
infection was the most common surgical complication 
encourtered (n = 5). A vaginal cuff hematoma was 
noted in two patients. A vaginal cuff abscess, large 
bowel injury, and pulmonary embolus occurred in one 
patient each. There were no deaths. 

Grotp IB consisted of 34 patients requiring surgery 
for recurrent or persistent disease. Of these, 12 pa- 
tients were readmitted with an acute TOA and failed to 
respond to medical therapy. The mean interval be- 
tween initial medical therapy and surgery was 16 
months. 


Discussion 


The definition of significant predictive parameters in 
patients with pelvic infections becomes more critical as 
increasingly younger patients are encountered. In the 
management of these patients, preservation of repro- 
ductive potential and ovarian function is an important 
consideration. Although there was a differential in age 
and parity between the medically and surgically treated 
groups, this might reflect a more refractory disease 
process in older patients as well as tendency toward 
more azgressive surgical therapy of the multiparous 
patient. 

This study has clearly reemphasized the value of the 
extent af disease at initial diagnosis and the initial re- 


sponse to therapy in predicting outcome. Indeed, more 


1058 Ginsburg et al. 


advanced disease as defined by adnexal masses larger 
than 8 cm and/or bilateral adnexal! involvement is pre- 
dictive of failure to respond to medical therapy. How- 
ever, the presence of fever and leukocytosis is of no 
predictive value. Furthermore, those patients requiring 
surgery subsequent to response to medical therapy 
(group IB) more frequently failed to show a decrease in 
mass size and V/BC. l 

The incidence of IUD use was 47% for the total 
population. Interestingly, only 51% of the patients with 
unilateral disease and 41% of the patients with bilateral 
disease used IUDs. Both unilateral and bilateral disease 
can occur in the absence ofan IUD, and IUD use is not 
associated with either unilateral. or bilateral disease. 
This apparent lack of association between an unilateral 
TOA and use of an IUD has been reported previously. 
In addition, the presence of an JUD did-not have any 
prognostic significance. Similarly, a past history of PID 
was not predictive of response to medical therapy. 

Classically, the management of patients witha rup- 
tured TOA. has been definitive surgery. However, 
more recently, less radical surgery has been suggested.° 
In this series, rupture occurred in four patients. The 
one patient treated conservatively did well, but of those 
patients with unruptured TOAs treated with conserva- 
tive surgery, 21% required more definitive surgery. 

The overall incidence of surgical complications was 
12%, with no statistically significant difference between 
group IB and group I]. However, more severe compli- 
cations occurred in those patients undergoing opera- 
tion in the acute phase of TOA. 

Those patients treated by total abdominal hyster- 
ectomy and bilateral salpingo-oophorectomy had com- 
plete resolution of the disease process without necessity 
of further surgery. Of those patients who responded to 
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medical therapy, 86% ‘had persistence or recurrence 
associated with significant morbidity (groups IA and 
IB‘. Interestingly, of the 120 patients in whom repro 
ductive function was preserved, nine conceived (7.5%). 
This is a conservative estimate as some patients were 
los: to follow-up, interval of follow-up varied, and some 
may have used contraception. In addition, pregnancies 
occurred in patients who had unilateral disease only. 
Although a history of PID did not seem to have any 
prognostic value in assessing response to therapy, a 
TOA usually occurs in those with a background of PID. 
Clearly, patients with TOAs are seen more commonly 
in their childbearing years. The various modalities of 
treatment have always taken into account the patient's 
age and desire for future childbearing, but frequently 
have resulted in significant morbidity. The identifica- 


.ticn of prognostic factors, including the extent of dis- 


ease arid initial response to’ medical therapy, helps to 
diferentiate between the stirgically and non -surgically 
treated patients, but.does not result in a reduction of 
morbidity. However, it should provide the basis for 
counseling and managing patients in these difficult and 
sametimes tragic situations. The exact role of surgical 
management, including the role of prophylactic ad- 
nexectomy in a young- patient with unilateral TOA, 
needs to be determined on the basis of such factors. 
A.though the value of a more aggressive form of man- 
agement of young patients with unilateral TOA re- 
mains to be proved, it is,clear that prevention of the 
development of such abscesses by more aggressive 
treatment of PID is crucial. 


The authors would like to acknowledge John Rein- 
hart, M.D., Ph.D., and Henry Sullivant, M.D., for help 


in abstracting the data for this article. 
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Where bacteriologic support is lacking, a combination of penicillin and streptomycin (P/S) is used 
empirically to treat serious gynecologic infections in Ethiopia: We compared the efficacy of P/S toa 
combination of penicillin and chloramphenicol (P/C) in hospitalizec women who had bacteriologically 
confirmed pelvic inflammatory disease or puerperal sepsis (PPS). “reatment of PPS with P/C was 
significantly more etfective in limiting the duration of fever than was treatment with P/S. 

Twenty-eight of 40 PPS patients hac endometritis with retained preducts of conception that required 
evacuation of the uterus. The duration of fever in patients with PID who were treated with the P/C 
regimen was no different than that in those treated with P/S. Twenty of the 24 PID patients required 
surgery for drainage of abscesses, in addition to antibiotics. (AM. J. OBSTET. GYNECOL. 138:1059, 


1980.) 


PELVIC INFLAMMATORY DISEASE and puerperal 
sepsis (PPS) are the major causes of gynecologic mor- 
bidity at St. Paul’s Hospital, Addis Ababa. In both in- 
fections the most commonly isolated organisms, in de- 
creasing order of frequency, are Enterobacteriaceae, 
gcnococci, Streptococcus species, and anaerobes. Most 
PID and PPS patients require surgery and a minimum 
of 10 days of antibiotic therapy in the hospital. A vari- 
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ety of antibiotics are used, but penicillin in combination 
with streptomycin (P/S) is the most popular. However, 
limited antibiotic sensitivity testing of bacteria isolated 
from FID-and PPS patients indicates that penic illin or 
ampicillin in combination with chloramphenicol would 
be moze effective than P/S.' This study compares the 
effecti.enéss of P/S and penicillin/chloramphenicol 
(P/C) for treating PID and PPS. We also sought to es- 
tablish the indications for surgery and the type of op- 
eration most suitable for PID patients who were not 
cured by antibiotic treatment. 


Materials and methods | 


Patient population. Twenty-four women with symp- 
toms ard signs of PID and 4] women with PPS attend- 
ing the obstetric-gynecologic clinics at St. Paul’s Hospi- 
tal were referred to the Clinical Research Unit for 
study. The diagnosis of PID was made if the patient 
had fever, abdominal or pelvic pain, and a tender ad- 
nexal o7 pelvic mass. Peritonitis was found in nine pa- 
tients. After obvious extragenital causes of infection 
were excluded, the diagnosis of PPS was made if the 
oral temperature was 38° C or greater for more than 48 
hours acter delivery. Two thirds of PPS patients had a 
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MANAGEMENT OF PELVIC INFLAMMATORY DISEASE 












? Ectopic pregnancy 
? Torsion of ovarian cyst 
Pelvic abscess with peritcnitis: 


Subphrenic abscess 
Paracolic abscess 


Immediate laparotomy 
with antibiotic cover 


Medical management 


Refractory over 48-72 hours 


Persistent/hectic fever 


Development of abscess 
Increase in size of abscess 
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Fig. 1. Management of pelvic inflammatory disease. 


Colpotony 


MANAGEMENT OF PUERPERAL SEPSIS 


‘Medical Management 
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af conception 
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evacuation of 
uterus "Dec" 





_ Fig. 2. Management of puerperal sepsis. 


tender, subinvoluted uterus with excessive, offensive 
lochia. Peritonitis was present in nine patienis. Each 
patient gave informed consent for treatment and, 
when indicated, for surgery. 

Bacteriology techniques. The techniques used to 
collect, process, and cultivate specimens and to isolate 
and identify bacteria from PID and PPS patients have 
been described previously.’ Bacteria isolated from 
blood, abscesses, and infected tissue were considered 
primary. pathogens, and those isolated from the en- 
docervix in patients with PID and PPS were identified 
as co-pathogens. -— 

Treatment. No patient had received antibiotics in the 
week. before admission. Patients were randomly allo- 
cated to’receive treatment with either regimen P/C or 
P/S. Regimen P/C consisted’ of crystalline sodium 
penicillin G, 6 megaunits daily administered intrave- 


subphrenic 
abscess 


Laparotomy 


Localized. . 
pelvic abscess 


Posterior 








colpotomy 


nously in six divided doses for 3 days, followed by 
aqueous procaine penicillin G; 1.2 megaunits daily 
administered intramuscularly for an additicnal 7 days, 
and chloramphenicol, 500 mg administered by mouth 
or intravenously every 6 hours for a total of 10 days. 
Regimen P/S contained the same penicillin dosage as 
the P/C regimen, but with intramuscular streptomycin, 
1 gm daily for 10 days, substituted for chloram- 
phenicol. Patients who showed no clinical improvement 
after 48 hours, or who had study drug-resistant bac- 
teria by in vitro sensitivity tests, were prescribed alter- 
native antibiotics. Gentamicin, 6 mg/kg intravenously, 
kanamycin, 7.5 mg/kg intramuscularly every 12 hours, 
or clindamycin, 30 mg/kg/day intravenously every 6 
hours, was the usual alternative drug. 

Surgery. Management of PID and PPS is outlined in 
Figs. 1 and 2. Laparotomy was performed in patients 
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Table I. Primary panoge isolated from patients with PID or PPS 


i Study group 


Diagnosis 





No. patients 15 19 
No. culture-negative 
Bacteria isolated 


N. gonorrhoeae l 5(4*) 


Enterobacteriaceae 
Escherichia coli 3 
Proteus sp. l 
Klebsiella sp. 0 © 
Salmonella typhi 2 

Streptococci 
S. viridans l 
B-Hemolytic, group A 0 
B-Hemolytic, other 2 
S. pneumoniae 0 
Unclassified 0 

Anaerobes 
Bacteroides sp. l 0 
Clostridia sp. 1 (l) 0 
Peplostreptococcus sp. Q 
Miscellaneous 

Moraxella sf. 2 

Staph, aureus 2 

Pseudomonas sp. 0 Ç 

Bacillus sp. 0 

Haemophilus influenzae l 


6 (31.6%) 


9 22 65 
3 (33.3%) 5 (22.7%) 18 (27.7%) 
2 (1) 6 (1) » 15 
0 5 (4) 14 
1 (1) 1 (1) 4 
0 1 (1) l 
0 0 2 
3 (3) 0 6 
0 3 (2) 6 
0 ] 3 
0 2 9 
1 (1) 0 l 

0 2 (1) 3 
0 0 l 
1 () 0 ] 
0 0 4 
0 0 9 
0 ie l 
0 l ] 
0 0 l 


*Number in parentheses indicates times isolated as a co-pathogen. 


with free intraperitoneal fluid or with paracolic or sub- 
phrenic abscesses, if the diagnosis was in doubt (e.g., 
ectopic pregnancy or twisted ovarian cyst), and in pa- 
tients with recurrent PID if bilateral salpingectomy was 
envisaged. Posterior colpotomy was done for localized 
pelvic abscess presenting as a well defined, tender, cys- 
tic or fluctuant mass in the cul-de-sac. Posterior col- 
potomy was preferred to laparotomy for infertile pa- 
tients for whom elective surgery for tubal patency 
could be deferred. Puerperal patients with excessive, 
otfensive lochia and a tender, subinvoluted uterus, who 
failed to respond to cnemotherapy, underwent digital 
and instrumental evacuation of the uterus (curettage). 
Antibiotics were given to all patients before and during 
surgery to reduce the risk of bacteremia. In all patients 
treated by laparotomy/colpotomy and by evacuation of 
pus, surgical drains (paracolic, subphrenic, and/or pel- 
vic) were left in situ at the completion of the operation. 
Assessment of drug efficacy. The objective criteria 
used to compare P/S to P/C were the duration of fever 
after the initiation of antibiotic treatment and the 
number of patients who required a change in antibiotic 
therapy. Student’s t test was used to compare the dura- 
ticn of fever between the two study groups. The dura- 
tion of hospitalization was not considered since it was 


influenced by the requirement to complete 10 days of | 


antibictic therapy and by the type of surgery per- 
formed. 


Results 


Bacieriology. The types of bacteria and their fre- 
quency of isolation from PID and PPS patients were 
similar for both drug regimens (Table I). These 
similarities indicated that any differences observed be- 
tween the two drug regimens probably were unrelated 
to bacterial etiology. 

Treatment of PID. The average duration of fever in 
patients with PID treated with P/S was 13.22 + 16.0 
days, compared to 13.2 + 15.1 days for those given P/C 
(Table II). No significant differences were found be- 
tween zhe groups as to duration of fever and hospital- 
ization and types of operation. Four PID patients 
(26.7%) treated with P/S were prescribed a different 
antibictic whereas only one (11.1%) P/C-treated patient 
was changed to a different drug. 

Treatment of puerperal sepsis. Nineteen of the PPS 
patients were treated with P/S and 22 with P/C reg- 
imens ‘Table III). Fever in patients treated with P/C 
was of significantly shorter duration than fever in those 
treated with P/S. Two of the P/S patients required a 
change in antibiotic treatment in contrast to none in the 
P/C group. No significant differences were found be- 
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Table II. Comparison of efficacy of P/S and P/C for the treatment of PID 


PIS PIC Total 
No. cases | 15 9 24 . 
Days of fever (X + SD) 13.2 + 16.0 13.2 215.1 13.8 + 14.9 
Operations : 
Laparotomy 9 (60.0%) 5 (55.6%) 14 
Colpotomy 5 (33.3%) 1 (11.1%) 6 
Patients requiring change of antibiotics 4 (26.7%) 1 (11.1%) 5 
Table III. Comparison of efficacy of P/S and P/C for the treatment of PPS 
PIS PIC Total 
No. of cases _ 19 22 41 
Days of fever (X + SD) 7.0.2 O 3,6 5.57 6.9 + §.4 
Surgery 
Laparotomy l 0 l 
Curettaget 13 15 28 
Patients requiring change of antibiotics 2 0 2 





*teg = 2.17; P < 0.05. 
tEvacuation of uterus. 


tween the two treatment groups in age, duration of 
hospitalization, and the number requiring surgery. 

Surgery. Twenty of the 24 PID patients had pelvic 
abscesses that required surgical drainage. Fourteen 
underwent laparotomy and six colpotomy. One of the 
laparotomy patients died of a pulmonary embclus on 
the second postoperative day while receiving P/S. None 
of the patients with pelvic abscess treated by laparot- 
omy required further surgery, but two of the six pa- 
tients with posterior colpotomy required laparotomy 
for drainage of a contralateral pelvic abscess or pelvic 
and paracolic abscesses during the first hospitalization. 
The five patients who had uncomplicated laparotomy 
spent an average of 16.4 days in the hospital, whereas 
the four patients with uncomplicated posterior col- 
potomy required only 9.2 days. 

Over a 6 month period following discharge from the 
hospital, none of the study patients treated by either 
laparotomy or posterior colpotomy required further 
surgery. 

Twenty-eight of the PPS patients underwent curet- 
tage or digital evacuation. One of these patients devel- 
oped a pelvic abscess and peritonitis and subsequently 
underwent laparotomy for drainage; she died in the 
immediate postoperative period of septic shock while 
receiving P/S. 


Discussion 


St. Paul’s Hospital is similar to other large charity 
hospitals in East Africa. It serves mainly poor people 
who have migrated from their rural homes to Addis 
Ababa to seek employment and a better standard of 


living. Employment opportunities are extremely limi-. 
ted, particularly for unskilled single or divorced wom- 
en; they often resort to prostitution to support them- 
selves and their children.? The prevalence of gon- 
orrhea and other sexually transmitted diseases is high 
ir. this group of women.? 

Many of the pregnant women whose infants are de- 
livered at St. Paul’s Hospital suffer from malnutrition 
and have little or no prenatal care. Both PID and PPS 
patients are reluctant to seek hospital care until they 
have unsuccessfully tried traditional medications or 
have taken antibiotics purchased from local phar- 
macies. Thus, they usually are seriously ill when they 
arrive at the hospital. . 

Although Netsserra gonorrhoeae was the organism iso- 
lated most frequently from PID and PPS patients, most 
cases were nongonococcal, either culture-negative 
(23% to 33%) or polymicrobial in etiology. Many inves- 
t.gators have found that nongonococcal PID patients 
tend to have chronic infections, respond less well to 
antibiotic treatment than gonococcal PID patients, 
and have mixed aerobic and anaerobic infections. 
Anaerobes can be found in abundance in 70% to 80% 
cf PID and PPS infections.” * The frequency of isola- 
tion of anaerabic bacteria in our patients is low by com- 
parison with other studies* * and reflects the difficulty 
we experienced in collecting and processing anaerobic 
culture specimens. The greater efficacy of the P/C ovey 
>/S for treatment of PPS may be due ta chloram- 
phenicol’s acivity against anaerobes. 

An advantage of the P/C regimen for treatment of 
PID and PPS in Ethiopia is its low cost and widespread 
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availability. We recommend its use for the initial treat- 
ment of serious gynecologic infections, especially when 
bacteriologic support is not available. Other antibiotics 
tommonly used in Europe and North America to treat 
serious gynecologic infections, such as kanamycin, gen- 
carhicin, or clindamycin, are too expensive for routine 
use in Ethiopia. These should be reserved for patients 
who do not improve while on the P/C regimen and who 
require additional antibiotics. 

The outlines we devised (Figs. 1 and 2) for manage- 
ment of PID and PPS proved to be helpful: The PPS 
patients who failed to respond to antimicrobial therapy 
within 48 to 72 nours and who did not have pelvic 
abscesses responded to evacuation of products of con- 
ception or clots of blood from the uterus. We believe 
that delay or failure to use oxytoxic drugs to prevent 
retention of clots or products of conception in patients 
whose infants were delivered in the home or at local 
maternity clinics contributed directly to the develop- 
rnent of endometritis. 

As was the case in other studies, the choice and timing 
of operation for abdominal or pelvic abscess presented 
difficulties.» 7 Many of the patients were critically ill 
and could stand only minimal surgical interference. We 
had hoped to demonstrate the advantage of colpotomy 
cver laparotomy in patients with well defined cystic or 
Fuctuant cul-de-sac abscesses. Colpotomy requires only 
simple anesthesia, a few surgical instruments, and one 
assistant, in contrast to the more complex anesthesia, 
two or more assistants, and full set of abdominal 
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surgical instruments needed for laparotomy. When 
colpotomy was successful, patients recovered more 
rapidly than laparotomy patients. A disadvantage of 
colpotomy drainage, however, may be recurrent pelvic 
sepss and abscess formation. 

A ~eview of the medical records at St. Paul’s Hospital 
from January, 1974, to September, 1975, showed that 
the colpotomy patients who required a repeat opera- 
tion had had puerperal sepsis with peritonitis and mul- 
tiple abscesses rather than a single pelvic abscess. 
Rubenstein and associates? found that 12 of the 24 pa- 
tients who underwent colpotomy for drainage of a 
pelvic abscess and who were followed for 1 year re- 
quired hysterectomy and salpingo-oophorectomy for 
continuing symptoms of pain, recurrent PID, or persis- 
tent pelvic masses. The only form of surgery that pre- 
vents recurrence of PID is total hysterectomy with 
bilateral salpingo-oophorectomy. Such surgery, how- 
ever, was unacceptable to the majority of our patients 
who wished to retain not only their reproductive po- 
tential, but also their menstrual cycle, thereby being 
accepted in the Ethiopian culture as “normal” women. 
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CONTROL 





Surveillance, prevention, and control of sexually 


transmitted agents associated with pelvic 


inflammatory disease 


ANDRE Z. MEHEUS, M.D., PH.D. 
Antwerp, Belgium 


Control and prevention of pelvic inflammatory disease would result from successful control of 
Neisseria gonorrhoeae and genital Chlamydia trachomatis infections. The same control system 
applies to both, but while this system is well dacumented in gcnorrhea control, there is still no 
evidence that it is effective for C. trachomatis infections. Primery prevention of PID should be 
realized through a reduction of the incidence of gonorrhea, and the available techniques—(1) 
contact tracing and epidemiologic treatment, (2) screening anc case finding, (3) preventive 
measures, (4) health education, and (5) training of the health workers—are discussed. Secondary 
prevention of PID can be achieved through good management of uncomplicated infections due to N. 
gonorrhoeae and C. trachcmatis. The approach must be adapted to local conditions and should be 
different in developing countries compared to countries with a specialized health care system for 
sexually transmitted disease. Good management of PID is crucial in preventing sequelae and most 
important are tracing and treating the male contacts of patients with PID. Measures of tertiary 
prevention attempt to rehabilitate the patient; the main sequelae after PID are ectopic pregnancy 
and infertility. Surgical techniques can restore tubal function, tut these methods are complicated 
and have a low success rate. (AM. J. OBSTET. GYNECOL. 138 1064, 1980.) 


CONTROL AND PREVENTION of pelvic inflammatory 
disease would result from successful control of those 
sexually transmitted agents associated with PID. Con- 
trol of these agents would reduce disease incidence, 
thereby decreasing the number of patients at risk for 
PID. 

The etiology of PID remains controversial." ? Until 
recently Neisseria gonorrhoeae was the only sexually 
transmitted agent thought to be associated with PID. 
Now, however, there is increasing evidence that Chla- 
mydia trachomatis causes PID, including isolation of the 
. organism and serologic changes in patients with PID 
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and experimental infection of animals with C. tra- 
cLomatis. C. trachomatis was first isolated from a pa- 
tient with nongonococcal urethritis in 1964.7 Since then 
genital chlamydial infections have been recognized as a 
sexually- transmitted disease (STD) with epidemiology 
that is very similar to that of gonococcal infections. In 
men C. trachomatis causes urethritis and local complica- 
ttons such as epididymitis and prostatitis; cervicitis and 
Eartholin gland infection in women; and inclusion con- 
janctivitis and respiratory tract infection in neonates. 
The similarity of this clinical pattern to infections with 
N. gonorrhoeae tends to support the suggestion that C. 
trachomatis is an etiologic agent of salpingitis. The major 
clinical difference between chlamydial and gonococcal 
infections is that the former have a longer incubation 
period and cause milder disease. 

Control of genital chlamydial infection has not been 
documented clearly and there is no evidence that con- 
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trol measures that are effective for N. gonorrhoeae are . 


also effective for C. trachomatis. Furthermore, through- 
out the. world most sexually transmitted PID is related 
to gonorrhea. For these reasons this article will focus 
on gonorrhea control measures and mention only some 
aspects of chlamydia control efforts. 

When gonorrhea is controlled, the public health 
problem of PID may not be solved completely. Then 
zhe importance of C. trachomatis and other sexually 
cransmitted agents as causes of nongonococcal PID 
may become more obvious. 


Primary prevention (reduction of the incidence 
of gonorrhea) 


Clinical services which provide care for patients are 
the starting point for any STD control program; effec- 
tive clinical services reduce the complications of STD, 
including PID. Clinical services alone have limited im- 
pact on control of STD, however. Available techniques 
for the control of gonorrhea are (1) contact tracing 
and epidemiologic treatment, (2) screening and case 
finding, (3) preventive measures, (4) health education, 
and (5) training of the health workers. 

Contact tracing and epidemiologic treatment. For 
each diagnosed case of gonorrhea, at least one other 


exists in the community and needs treatment to pre- 


vent complications or spread of the infection. The 
main aim of contact tracing is to find the undiagnosed 
cases, thereby reducing the reservoir of infection in the 
community. The usual contact tracing’ system uses a 
specially trained health worker to miotivate patients, 


elicit names, and locate contacts.4 An alternative system ` 


uses the clinician to motivate patients who then pass 
referral cards to their recent sexual contacts. A study 
has compared botħ systems of contact tracing,” and the 
referral method was found to be effective but much 
less expensive than use of social workers for detailed 
interviews and field visits. Private practitioners who see 
the majority of patients in more industrialized coun- 
tries should be encouraged to use the self-referral 
method of contact tracing. 

All contact tracing is not equally important. Priority 
should be given to tracing contacts of symptomatic 
women, followed by symptomatic men with a repeat 
infection, those with a first infection, and members of 
high-risk groups.® In countries where the control or- 
ganization ‘is still weak, contact tracing can be directed 
initially at men with symptomatic gonococcal urethritis. 

Three strategies can be followed to manage contacts 
of gonorrhea’: (1) epidemiologic treatment for all con- 
tacts, (2) treatment contingent upon Gram stain and 
culture results, and (3) treatment contingent upon cul- 
ture results. 
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Waile the approach with empidemiologic treatment 
is recommended in the United States, in most STD 
clinics in the United Kingdom treatment of contacts is 
based on the results of the Gram stain and several cul- 
ture tests. Most venereologists in the U. K. are against 
epidemiologic treatment for reasons that it may be 
adopted indiscriminately without examination and 
follaw-up of the patients, and thereby may decrease 
standards of management. Another argument is that 
once treatment is administered in the absence of a firm 
diagnosis, the tracing of other sexual contacts becomes 
impossible. For the last decade an Anglo-American de- 
bate ñas continued regarding epidemiologic treatment. 

Judson and Maltz® feel that periodic determination 
of the prevalence of gonorrhea in clearly defined 
groups seen in STD clinics is a rational basis for epi- 
demiologic treatment. Wiesner? emphasized that deci- 
sions concerning epidemiologic treatment should also 
take into accouni (1) the probability that contacts will 
fail to return for visits and (2) some estimate of the risk 
of disease transmission based on patterns of sexual and 
health behavior of noncompliant infected contacts. 

A default rate for infected contacts of 20% is prob- 
ably the rule in most countries. If we assume that an 
average case of gonorrhea causes one more case in the 
community every 2 weeks, then one patient who “es- 
capez” epidemiologic treatment causes 16 new gonor- 
rhea cases in 2 months. 

A decision analysis study by Johnson’ has provided 
impcrtant new information on the management of 
gonorrhea contacts. If treatment is made contingent on 
the results of culture alone, 12% to 30% of female con- ` 
tacts and 4% to 13% of male contacts would be infected 
and ~emain untreated. Ten to forty-one percent of 
women and 4% to 15% of men would be treated but 
would receive delayed treatment. In delayed or missed 
treatment a risk of complications and transmission of 
the infection exists. These rates of delayed or missed 
treatment are considered unacceptable; therefore, I 
feel that in the United States the recommendation for 
epidemiologic treatment is justified. In other countries 
with a lower infection rate for sexual contacts, with a 
high validity of the laboratory tests, and with a highly 
reliable system for contact follow-up, another approach 
might be recommended. A decision analysis review 
such as that done by Johnson would provide essential 
background data for such a recommendation. In most 
of the developing world where facilities are less well 
developed than in the United States, I recommend that 
all contacts should receive epidemiologic treatment. 

Weat is the place of contact tracing in control of C. 
trachomatis infections? 

Thirty to fifty percent of nongonococcal urethritis 
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(NGU) in men is due to this agent. In a recent review 
Bowie'! recommended that female contacts of patients 
with NGU should receive épidemiologic treatment." 
Although it has not been demonstrated that treatment 
of the partner diminishes the recurrence rate of NGU 
in male patients, the arguments are that: (1) female 
partners need treatment for their own benefit and that 
of their neonates and (2) infected women constitute a 
major undiagnosed and untr eated reservoir of C. 
trachomatis infections. This last argument also could be 
applied for male partners of women with nongonococ- 
cal lower genital tract infection caused by C. trachomatis. 
At present no clear recommendations can be made in 
these cases. 

Screening and case finding. As another outreach ac- 
tivity, screening and case-finding programs based on 
gonococcal cultures have been considered and im- 
plemented in some countries. In order to enhance the 
quality of discussions on the subject, common defini- 
tions should be used." Screening is the testing of ap- 
parently healthy volunteers from the general popula- 
tion to divide them into groups according to high and 
low probabilities for a given disorder; the initiative is 
taken by the health care provider. Screening programs 
have been implemented for many chronic diseases. 
Case finding is the testing of patients for disorders that 
may be unrelated to their reason(s) for seeking health 
care. In this case the encounter Is initiated by the pa- 
tient. For example, an endocervical gonorrhea culture 
and syphilis serology in patients presenting at ante- 
natal or family planning clinics are considered case 
finding. l 

Gonorrhea cultures should be used first as a diag- 
nostic test in symptomatic women. This is particularly 
true in developing countries where the availabilitly of 
gonorrhea culture tests is a limiting factor. 

The cost-effectiveness of both screening and case 
finding depends on the prevalence of gonorrhea in the 
group tested. | 

In most European countries, case- -finding programs 
for gonorrhea in women were not implemented be- 
cause cross-sectional studies repeatedly showed a prev- 
alence rate of gonorrhea lower than 1%. In the United 
States, much higher prevalence rates were found, and a 
gonorrhea case-finding program was started in 1972. 
During 1977, 8.5 million women were subjected to cul- 
turing for gonorrhea, and for 393,000, cultures were 
positive (prevalence of 4.7%).'% In recent years, the 
cost-effectiveness of this indiscriminate culture case- 
finding program has been questioned. Better cost- 
effectiveness could be obtained by concentrating culture 
efforts on high-risk groups, such as women attending 
STD clinics and hospital emergency rooms. Several at- 
tempts have been made to evaluate the effect of the 


December 1, 1980 
Am. J. Obstet. Gynecol. 


cas2-hnding program on gonorrhea control in the 
United States. On the basis of an epidemiologic model 
of gonorrhea <ransmission, Yorke and associates" 
concluded that, “The program seems to be holding thé 
incidence of gonorrhea at an equilibrium, 20 percent 
below that which would exist without the prograin.” 
Factors other than gonorrhea case finding also could be 
responsible for changes in incidence trends. In 1972 
the United States established gonorrhea treatment rec- 
ommendations, Implementation of these may have led 
to a decrease in treatment failure rates and gonorrhea 
incidence. Alternatively, sexual promiscuity could have 
decreased after a decade of increased promiscuity. The 
later possibility is supported by observations from 
Sweden where gonorrhea incidence markedly declined 
after 1971 although case finding was not a part of the 
gonorrhea control program. Several factors are asso- 
ciated with this decrease, but of interest is a diminished 
sexual promiscuity since the early 1970s in Sweden." 
Evaluation of tne impact of case finding on PID inci- 
dence in the United States has led to inconclusive re- 
sults, mainly owing to methodologic problems.'*""* 

Screening programs for gonorrhea should, only ex- 
cedtionally, be considered due to low cost-effectiveness. 
Voluntary compliance is low especially in those groups 
with highest prevalence rates. (This is also true for 
otner screening programs, i.e., tuberculosis and cervi- 
cal carcinoma.) Screening can be considered in some 
hizh-risk groups such as prostitutes or homosexuals. 
Another high-risk group should include patients 
with gonorrhea. In addition to a test-of-cure 3 to 5 days 
after treatment, rescreening of such patients at ue 
intervals is often recommended. However, one group” 
found that the unit cost per detected gonorrhea case by 
rescreening 6 and 12 weeks after treatment was $796. 
Trese workers felt this activity was not cost-effective. 
Aart from cost-effectiveness, the control-effective- 
ness of screening and case-finding programs also must 
be considered. Control-effectiveness depends upon 
tke proportion of existing cases missed by the 
program and risk of further transmission via these 
ceses. 

Serologic screening for gonorrhea is not cost-effec- 
tive?” because these tests have insufficient validity, a 
factor of greatimportance in low-prevalence situations. 

Preventive methods. It is evident that methods 


_which prevent the infection are -the best tools in 


gonorrhea control. For most infectious diseases, pri- 
mary prevention is based on manipulation of the envi 
ronment or effective vaccination. STDs are related to 
sexual behavicr, which can hardly be influenced. Avail- 
able preventive methods are the so-called “prophylactic 
methods,” which are more extensively reviewed else- ` 
where.?!~*8 . 
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Locally acting measures, such as use of soap and 
water and urination after exposure, have no effect and 
topically applied antiseptics and antibiotics have im- 
eportant side effects. Systemic chemoprophylaxis and 
treatment at the time of exposure prevent most 
gonococcal infecuons, but may mask more serious in- 
fections and increase the resistance of gonococcal 
strains in the community. Recommended personal 
prophylactic methods, which also can be used for con- 
craception, are the condom and the diaphragm in 
combination with intravaginal capsules, jellies, and 
creams which have spermicidal and also some gono- 
coccidal effect. Condoms should be highly effective in 
preventing the transmission of gonorrhea, trichomoni- 
asis, and NGU. But the control-effectiveness of this 
method is limited owing to such factors as motivation, 
acceptance, and use, which differ greatly in different 
sociocultural settings. Nevertheless a condom .cam- 
paign should be part of an STD control program. Now 
that the side-effects of the most widely used contracep- 
tive methods, oral contraceptives and the intrauterine 
contraceptive device, are better known, the physical 
methods could again become more widely used as con- 
traceptives. 

A vaccine for gonorrhea is the method with the 
greatest control potential (except for total abstinence). 
Although gonorrhea does not confer natural immu- 
nity, this should not be a deterrent in the.research fora 
vaccine. The arguments are that effective vaccines have 
been developed against other diseases that do not reli- 
ably confer long-lived immunity (tetanus, pertussis, 
and smallpox) and that the acquired infection on the 
genitourinary surfaces might not generate sufficient 
immunogenic stimulus for immunity to develop. s 

The three cellular components (pili, proteins of the 
outer membrane, and lipopolysaccharices), separately 
or combined, are potential candidates for preparation 
of a vaccine. 

What is the potential of a vaccine to control genital 
tract infections with C. trachomatis? 

Experience with trachoma vaccines in the control of 
C. trachomatis -induced eye diseases makes this prospect 
rather gloomy. Reviewing the problem, Grayston and 
Wang”. concluded, “It seems that control of venereal 
disease with C. trachomatis through immunization is not 
as promising an avenue of approach as standard public 
health measures.” And we know from experience with 
gonorrhea how promising these measures are! _ 

Health education. The role of health education in 
‘the control of STD was discussed extensively at the 
Technical Discussions held during the Twenty-Eighth 
World Health Assembly”® in 1975. The value of health 
education should not be overestimated and here also 
prioriues must be chosen. Health education aimed 
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primarily at altering sexual behavior is not a good ap- 
proach. Such education easily adopts a moralistic un- 
dertone and risks being counterproductive. Further- 
more, sexual behavior depends much less on what the 
person knows than on what he or she prefers and val- 
ues In life. 

Ecatcation about STD and contraception should be 
integrated in sex education for children and teenagers. 
Education on sexuality should be part of general edu- 
cation. STD and unwanted pregnancy are unfortunate 
side 2ffects of expressed sexuality and should be dis- 
cussed as such. There is a great need for sex education 
in developing countries. | 

An editorial in an African Sunday newspaper stated 

recertly,?” “Grisly reports of young girls who dump, 
smother or bury their newborn infants are reaching 
immense proportions countrywide. Treating them with 
punishment is of no use and (is) damaging. Prevention 
(by sex education} is ten-renths of the cure.” 
STD informaticn should be made available to people 
who reed it. Diffusion of STD education to the general 
public through advertisements in newspapers, maga- 
zines, radio, or television often results in increased de- 
mands on the health services by the “worried well.” 
STD education should be directed toward high-risk 
groups. One readily identifiable group are patients 
with ETD who present for treatment. The health edu- 
cation for these patients explains their disease, how to 
take the medication, how to present for a follow-up 
examination with test-of-cure, how to facilitate trac- 
ing tte contacts, and how to return immediately in 
case o7 a new infection. This information is best intro- 
duced at the consultation and can be reinforced by 
handauts. 

Tra:ning of health personnel. STD control is well 
establshed in the curricu.a of few medical and para- 
medical schools. In particular, little attention is given to 
public health, epidemiologic, and sociologic aspects of 
STD. Suggestions to improve STD medical education 
have keen proposed.?® ?8 Special efforts in this regard 
have Feen made for the developing countries. Since 
1977, the World Health Organization has organized 


‘regional worksheps on STD control, with the main ob- 


jective of training a team of health professionals in 
STD control programming. Subsequently many coun- 
tries have organized national workshops and postgrad- 


uate training sessions in STD control. 


Seccndary prevention of PID (management of 

unccmplicated infections due to N. gonorrhoeae 

and >. trachomatis) © 

The realth care systems for STD management differ 
greatly throughout the world. Some countries, such as 
the Urited Kingdom and Sweden, have well devel- 
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oped, specialized STD health care systems in which 
high-quality facilities for investigation, diagnosis, treat- 
ment, and contract tracing are widely available to the 
public.” In most industrialized countries, STD health 
care is provided by both public clinics and private phy- 
sicians. These systems differ in patient management, 

case reporting, contact tracing, patient education, 
quality of care, use of laboratory aids, and patient 
fees.” Private physicians manage 75% to 80% of pa- 
tients in the United States and more than 95% of pa- 
tients in Belgium and France. 

In the developing countries, health care for STD is 
provided by paramedical workers at the outpatient de- 
partments of hospitals, the health centers, and dispen- 
saries. In addition many patients with STD are seen by 
traditional healers and other patients treat themselves. 
The problem of STD in the tropics differs from that in 
developed countries in many respects: (1) Disease inci- 
dence is five- to twentyfold greater; (2) C. trachomatis 
infections occur relatively much less frequently than 
gonorrhea; and (3) complications and sequelae are 
much more common, including PID, infertility, and 
ectopic pregnancies. To cope with this enormous STD 
problem only scarce resources are available. The an- 
nual per capita health budget in Africa rarely exceeds 


$5.00 and for most countries it is approximately $2.00 | 


a year. As Arya and Lawson" stated, “In developing 
countries the management of STD is dictated by what is 
practical and economical to do good to the greatest 
‘number. This will necessarily fall short of the optimal 
measures.’ | 

In developing countries, paramedical staff of health 
centers have an enormous work load in meeting health 
care demands and addressing the health needs of the 
population they serve. To assist such staffs, manage- 
ment strategies for all diseases should be problem ori- 
ented. The health worker must identify the main 
health problem on the basis of presenting complaints 
and simple clinical examinations. For example, prob- 
lems may include a fever >39° C, cough of 3 months’ 
duration, urination of blood, etc. Uncomplicated gon- 
orrhea and C. trachomatis infections are identified in a 
problem-oriented strategy as “urethral discharge” in 
men and “genital complaints” in women (dysuria, vagi- 
nal discharge, low abdominal pain). Management strat- 
egies for these problems under conditions of poor or 
no availability of diagnostic tesis have been dev eloped 
and tested in recent years.* 

Standardization of certain aspects of disease man- 
agement enhances the quality of care. The implemen- 
tation of Center for Disease Control~recommended 
treatment schedules in the United States has improved 
the management of patients with gonorrhea; conse- 
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quently the prevalence of gonococci less sensitive to 
pericillin and other antibiotics has decreased. 

Management of C. trachomatis infections is more 
difficult than gonorrhea management because thee 
diaznosis can rarely be made with certainty. There is a 
pressing demand by the medical profession for general 
availability of chlamydial culture services for routine 
diagnostic purposes.” But is such an expensive and 
complicated diagnostic tool really needed for accept- 
able case management? Urethritis in men is either 
gonococcal or nongonococcal, and 40% to 50% of dis- 
ease in this last group 1s due to C. trachomatis. Penicillin 
or ampicillin is still the recommended treatment for 
gonorrhea i in most countries. Irrespective of the isola- 
tion of C. trachomatis, tetracycline is still the recom- 
mended treatment for NGU. The same approach is 
followed in women with lower genital tract infection: 
Penicillin or ampicillin are recommended for gon- 
orzhea and, again, tetracyclines (or erythromycin in 
pregnant patients) are recommended in cases of non- 
gonococcal genital infection. A large percentage of pa- 
tients with gonorrhea (20% to 30% of men and 35% to 
65% of women) have a concomitant genital chlamydial 
incection. One approach is to first treat the gonorrhea 
ard subsequently administer tetracyclines to those pa- 
tients who are found to have postgonococcal genital 
infection. There are other possible approaches: (1) 
From the start treatment should be curative for both 
gonorrhea and chlamydial genital tract infection, for 
instance, 0.5 gm tetracycline four times daily for 7 
days; and (2) administer single-dose effective treatment 
fcr gonorrhea in addition to tetracycline treatment for 
C. trachomatis. Controlled studies to evaluate these dif- 
ferent approaches should allow more rational decisions 
ir. case management in the future. . 


Management of PID 


Good management of PID, i.e., accurate diagnosis 
and appropriate therapy, was reviewed extensively.*4-* 
Endocervical cultures have been emphasized as the 
method to distinguish gonococcal PID from nongono- 
coccal PID. However, treatment recommendations are 
rot influenced by isolation of N. gonorrhoeae. 

The etiologic role of C. trachomatis in nongonococcal 
FID has become increasingly well documented. With 
ceclining incidence of gonorrhea, nongonococcal PID 
i3 becoming relatively more important.*? Finally, tetra- 
cyclines are the treatment of choice for nongonococcal 
urethritis and nonspecific genital infection in women, 
All these arguments favor the use of tetracyclines (for 
instance, 2 gm daily for 10 days) as routine treatment 
for PID in outpatients, irrespective of the cause of dis- 
ease. This regimen has no substantial disadvantages in 
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cost, compliance problems, side effects, or acceptability 
when compared with regimens using a single dose of 


procaine penicillin followed by ampicillin, 2 gm daily 


*for 10 days. Tetracycline is also effective treatment for 
both N. gonorrhoeae and C. trachomatis infections. 
‘Most important for disease control is tracing and 
treating the contacts of patients with PID. Thirty-nine 
to fifty-two percent of male contacts of women with 
gonococcal PID and 8% to 14% of contacts of women 
with nongonococcal PID have gonorrhea.** 38 A large 
number of these male contacts with gonorrhea are 
asymptomatic (Table I), which means that compliance 
with follow-up can be expected to be low in this group. 
Sixteen percent of sexual contacts of patients with non- 
gonococcal PID had symptomatic NGU.” Different 
approaches to management of male contacts of PID 
patients are possible, and the first decision is between 
-epidemiologic treatment and treatment after making 


the diagnosis. The second decision concerns the type of 
epidemiologic treatment if only one regimen is to be- 


used: tetracyclines (2 gm daily for 7 days) or a single 
dose of procaine penicillin or ampicillin. The choice 
between these regimens depends on the relative impor- 
tance of N. gonorrhoeae and C. trachomatis infections in 
those: male sex partners of PID patients. No study has 
supplied data on these infections in male contacts, but 
relative frequency of gonococcal PID vs. nongonococ- 
cal PID could provide some indication. Another ap- 
proach could be to give epidemiologic treatment to PID 
contacts based on the type of PID the patient had: a 
single dose treatment for gonorrhea with procaine 
penicillin or ampicillin administered to contacts of pa- 
tients with gonococcal PID and tetracycline treatment 
to contacts of patients with nongonococcal PID. 


Tertiary prevention of PID 

Measures of tertiary prevention are directed toward 
the rehabilitation of the patient in order to restore 
good health or minimize the sequelae of the disease. 
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Table I. Male contacts of women with acute PID* 


Gonococcal | Nongonococcal 
PID (no.) PID (no.) 


Women 100 46 

Contacts examined 161 69 

Contacts with N, gonorrhoeae 63 (39%) 10 (14%) 
Symptomatic 49 (78%) 7 (70%) 
Asymptomatic 14 (22%) 3 (30%) 


*Tata from Gilstrap and associates.” 


The main sequelae after PID are infertility and an in- 
creased risk for ectopic pregnancy. Fertility can be re- 
stored by surgical techniques but those are complicated 
and the rate of success is low. The chance of pregnancy 
is estimated at 25% but is slightly higher with use of 
microsurgical techniques. Surgical techniques exten- 
sively discussed in gynecology textbooks include: fim- 
briolysis, salpingolysis, salpingotomy, uterotubal im- 
plar-tation, tubal plication, resection and reanastomosis 
of a part of the tube, and often a combination of these 
interventions. A large number of examinations and in- 
vestigations always precede the decision for surgery, 
causing considerable discomfort for the patient. A new 
technique for restoration of fertility recently became 
poss-ble: test-tube babies. Although this technique is of 
grea: scientific value, it will not solve the public health 
problem of infertility in the near future. 

In developing countries these solutions cannot be 
appEed to the enormous sterility problem among many 
population groups. Maternity is very important in most 
local cultures, and in some countries mothers wear dis- 
tinctive signs of their motherhood, for instance, a yel- 
low headband. Such traditions emphasize the severe 
socizl stigma of sterility for women. 

Tte only hope for future generations of young 
women is the prevention of PID, which can be achieved 
through the implementation of primary and secondary 
control measures as outlined. 
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Problems in the surveillance and control of 


sexually transmitted agents associated with 
pelvic inflammatory disease in the Far East 


V. S. RAJAN, A.M., M.B.B.S., F.R.C.P.(EDINBURGH;, 


F.R.C.P.(GLASGOow), Dip.DERM.(LONDON) 


Singapore, Republic of Singapore 


Little published data are available on pelvic inflammatory disease in the Far East. Measures 
available to control gonorrhea in the region are reviewed. The ris ng incidence of 
pencillinase-producing Neisseria gonorrhoeae in Singapore and {ne Far East and its implications 
concerning the pathogenesis of PID are discussed. (AM. J. OBSTET. GYNECOL. 138:1071, 1980.) 


PELVIC INFLAMMATORY DISEASE has a polymicrobial 
etiology.’ A substantial number of causative microbial 
agents are transmitted during sexual intercourse. Sex- 
ual promiscuity and permissiveness increase the risk of 
transmission and thus the incidence of both acute and 
chronic PID. PID is of interest to the venereologist, for 
it can be used as an index of control; a high incidence 
of PID is a reflection of inadequate management of 
sexually transmitted diseases (STDs) in the community. 
Neisseria gonorrhoeae was implicated in the pathogenesis 
of PID about 100 years ago, but its exact etiologic role 
has been much debated.?-* More recently, Mycoplasma 
hominis, Ureaplasma urealyticum,® and Chlamydia tracho- 
matis? have been implicated in PID. 

Considering that pelvic infection in women is often a 
result of either symptomatic or asymptomatic, sexually 
acquired infection, no physician should interest himself 
in treating only the individual patient but should be 
appreciative of the wide medical, epidemiologic, and 
social problems surrounding the disease. Empirical 
treatment not backed by sound bacteriologic diagnosis 
should be discouraged, especially when viewed on the 
basis of current data on the epidemiology and the bio- 
logic features of gonorrhea. 

Very little published information is currently avail- 
able on PID in the Far East. All authorities agree that 
untreated infection in women is one of the commonest 
causes of infertility in tropical countries.’ Much of the 
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available data comes from Africa.®-'' Unpublished data 
show that acute salpingitis and chronic pelvic inflam- 
mation are not uncommon in the Far East and in the 
South Pacific islands. 

The size and extent of the problem posed by C. 
trachomatis, M. hominis, and U. urealyticum remain un- 
defined. Statistical reports for nonspecific urethritis in 
men are available for only a few countries in the Far 
East. In a busy public clinic in Singapore the ratio of 
nonspecific urethritis to gonorrhea was 1: 15.58.'* The 
impression gained from discussions with clinicians is 
that nonspecific urethritis is less common than gonor- 
rhez in the. region. Csonka,!? in England, noted 
nonspecific urethritis to be more commen in the indig- 
enous population than in immigrants. No data are 
available on the role of these organisms in the patho- 
genesis of PID in the Far East. 


Surveillance and control in the Far East 


The establishment of a hexagonal approach at na- 
tional and local levels is necessary to achieve good sur- 
veilance and control cf gonorrhea and other STDs 
(Fig. 1). The approaches are: (1) an awareness of the 
problem. at political and administrative levels to pro- 
vide adequate funding; (2) a network of clinics and 
laboratory services manned by motivated and trained 
personnel; (3) accurate data collection to delineate the 
size of the total problem; (4) contact-tracing and case- 
holding facilities for good epidemiologic results; (5) 
identification and management of high-risk groups; 
and (6) detection and treatment of asymptomatic car- 
riers of disease. 

However, in developing countries this approach to 
control is caught in a vicious circle.* Fig. 2 outlines the 
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Table I. Classification -of STD clinics in the Far 
East with reference to facilities for management 
of gonorrhea 








Quality of clinics 


Diagnosis of gonorrhea 
by smear only: 
Always — — Most 
Seldom — Few ~ 
Never Few — — 


Diagnosis of gonorrhea 

by culture (in men) ` 

Always Very few — — 

Seldom — Few = 

Never . — — Most 
Diagnosis of gonorrhea 

by culture (in 

women) 

Always Very few — _ 

Seldom — Few — 

Never — — Most 
Sensitivity studies: 

Available Few — = 

Not available © = — Most 
Good follow-up to 

assess treatment 

response: 

Adequate Few — — 

Inadequate — — Most 


cycle. Low budgets allocated for STD surveillance and 
control programs in the region lead to poor clinical, 
laboratory, and epidemiologic services. As a conse- 
quence, incompleze delineation of the total extent of 
the problem results in low national priority of such 
programs. This in turn allows big reservoirs of infec- 
tion, leading to increased morbidity and human suffer- 
ing. The nonavailebility of adequate numbers of public 
ciinics even in urban and suburban centers in the re- 
gion has inadvertently driven patients to private prac- 
titioners and even quacks. This coupled with a poor 
diagnostic laboratcry backup in the few existing public 
clinics has resulted in empirical rather than scien- 
tifically based bacteriologic diagnoses of gonorrhea and 
nonspecific urethritis. The quality of diagnosis is, in 
most instances, poor (Tables I and II) and has led to 
incorrect and inadequate treatment schedules. Poor 
case holding and follow-up of treated patients have 
made the assessment of treatment schedules difficult, if 
not impossible. 

Few centers in the region provide adequate epide- 
miologic services. In most countries in the region, con- 
fact tracing, case holding, and follow-up are rarely at- 
tempted. In others, attempts to trace contacts are made 
through organized agencies. In Singapore, 47% of 
primary or source contacts and 72% of secondary or 
spread contacts are successfully brought in for investi- 
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Table IL. Classification of STD clinics in the Far 
East with reference to facilities for the management 
of nonspecific urethritis 








Quality of clinics 


Diagnosis of nonspe- 
cific urethritis by 
smears only without 
culture for N. gon- 
orthoeae: 
Always Very few — — 
Seldom — Few — 
Never — — Most 
Culture facilities: 
Available Nil — — 
Net available — One Most 
Follow-up of patients 
with gonorrhea to 
exclude postgono- 
cozeal urethritis: 
Always Few . — — 
Seldom — Few — 
Flever — — Most 


Table II. Gonococcal isclation rates in prostitutes in 
Singavore, by year and nationality 


"1977 1978 1979 


P-ostitute groub 


Sir zapore women 11.9% 11.2% 10.6% 
Sir zapore men 7.1% 10.3% 13.0% 
Thai women ee == 14.7% 
Indonesian women — — 50.0% 


Table IV. Schemes to control STDs in prostitutes 
in the Far East 














Estimate of centers with good, 
Quality of program intermediate, or poor programs 
Good: 
Bacteriologic diagnosis 
Free treatment 
FoLow-up and assess- 
ment of treatment 
Retracing of defaulters 
Intermediate: 


Diagnosis by smears 
Free treatment 


Exceptional 


No follow-up or assess- Few 
ment of treatment 
No retracing of 
defaulters 
Poor: 
Smear diagnosis 
No Tree treatment 
No follow-up 
No retracing of 
defaulters 
No diagnosis 
Epicemiologic treatment 
No follow-up 
No retracing of 
defaulters _ 


Many 


Many 
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Fig. 3. Trends of partial penicillin resistance of gonococci-—Singapore and Thailand. 


gations. In Bangkok, the corresponding figures for 
1977 were 4.9% and 78.18%, respectively.* 

There are several reasons for the poor results in trac- 
ing primary or source contacts in the region. Prosti- 
tutes account for 70% to 90% of all infections in men in 
the Far East and Southeast Asie. This is a difficult 
segment of the population to trace; their mobility and 
the lack of personal information exchanged between 
prostitute and client during contact are contributing 
factors. There is poor patient cooperation; failure to 
appreciate the importance of treating contacts leads to 
complacency. The social stigma associated with the dis- 
ease forces patients to attend private clinics where 
provisions for contact tracing are absent. 


Asymptomatic carriers 


Detection of asymptomatic infections in the com- 
munity is an important aspect of surveillance and con- 
trol. Prompt treatment arrests complications and po- 
tential spread. Such programs provide important data 
on the dynamics of the disease within the community. 
This knowledge is an important prerequisite to imple- 
menting cost-effective control and prophylactic mea- 
sures and to assessing efficiency of the measures under- 
taken. Yet only a few studies on this apei are available 
from the region. 

In an antenatal clinic in Bangkok, 11.9% of Thai 
women were found to have asymptomatic gonorrhea.'® 


*Unpublished data. 


In :wo separate studies in Singapore, one conducted in 
a family planning clinic and another in an abortion 
clinic, the incidence of gonorrhea was found to be 
1.13% and 0.6%, respectively.* The isolation rate of N. 
gororrhoeae from a busy gynecology clinic in 1979 was 
2.€% of the total examinations.* 


Management of high-risk groups 

?rostitutes play a pivotal role in the transmission of 
gonorrhea and other STDs in the Far East. They were 
implicated as sources of infection in 60% of sexually 
trensmitted infections in men in Singapore in 1979. In 
Thailand and Indonesia, they are cited as the com- 
monest source of infection. In the Philippines, the 
“hospitality girls” constitute the major source in the 
transmission of the disease. In the Philippines in 1969, 
8.5% of 702 prostitutes had gonorrhea." Ina study of 
2(10 prostitutes in Singapore in 1977, 8% were found to 
have positive cervical cultures and another 1% positive 
rectal cultures.'® In Indonesia in 1970, 18.5% of prosti- 
tutes were found to have gonorrhea.’ Tha: and In- 
donesian prostitutes examined in Singapore were 
fcund to have high rates of infection (Table II). In 


Singapore, the female prostitutes contributed to 75% 


o? the total cases of gonorrhea in 1979 and 77% in 
1378. The gonococcal isolation rates have been declin- 
irg steadily i in female prostitutes from 11.9% i in 1977 to, 
13.6% in 1979. On the other hand, in male prostitutes 


*Sng, E. H.: Personal communication. 
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Fig. 4. Singapore gonorrhea control: trends of partial penicillin resistant strains of gonococci(PPRS), 
treatment failures on standard treatment, penicillin dose of standard treatment, and implementation 
of medical scheme. 


the isolation rates have risen from 7.1% in 1977 to 13% 
in 1979 (Table IHI). 

Recognizing the role of prostitutes in the spread of 
sexually transmitted infections, many countries in the 
region have initiated programs to control transmission 
by prostitutes. Individual programs vary in the degree 
o? their sophistication and definitions ‘Table IV). In 
some of the centers, gonorrhea:is diagnosed on cervical 
cultures and in others only by Gram-stained smears. 
One country in the region routinely offers prophylactic 
penicillin therapy every week. 

In Singapore, about 65% of the total cases of 
gonorrhea in men occur in those between the ages of 
15 and 24 years. This high-risk group is in the prémari- 
' tal age group and their potential for infecting their 
fiancees and wives can lead to medical and marital 
complications. However, there is some accessibility to 
medical treatment and health education to this group 
because of the compulsory national service in the Re- 
public. l 


Bacteriologic surveillance 


Relatively resistant gonorrhea. In the Far East an- 
tikiotics are readily available to nonmedical personnel. 
‘This has resulted in indiscriminate use and self- 
prescription for prophylaxis and treatment. Further- 
more, the absence of monitoring facilities for bacterial 
sensitivities leads to the use of subtherapeutic doses by 


Sexually transmitted PID in Far East 1075 r 


an mm mu PREVALENCE OF PPRS 


umam TREATMENT FAILURE TO 
STANDARD TREATMENT 


75 76 7 å o z 


medical practitioners. This situation may be contribut- 
ing directly to the high prevalence of chromosomal- 
mutant, resistant strains and ‘penicillinase-producing 
Neisser: ia goncrrhceae (PPNG), 

The relatively resistant strains of N. gonorrhoeae have 
emerged slowly over the years and regional differences 
in ther prevalence exist.2” *! In the Far East a very high 
proportion of N. gonorrhoeae strains are partially resis- 
tant to penicillin (Fig. 3). In Bangkok in 1976, 93.7% of 
the strains were partially resistant to penicillin. In Sin- 
gapore, their prevalence has fluctuated (Fig. 4) with 
modification in treatmen: schedules. Though some 
centers in the region are using 4.5 megaunits of pro- 
caine penicillin or 3.5 to 4 zm ampicillin with probene- 
cid, many continue to use smaller, subtherapeutic 
doses. Therefore, the resulting treatment failures of 
uncomplicated gonorrhea may predispose to greater 
risks cf PID and the extent of the problem needs 
further study. . 

PPNG. The emergence of PPNG was reported si- 
a from Europes and the United States in 
1976.2: 23 The strains were speculated to have origi- 
nated :n West Africa and the Far East, respectively. 
The strain was reported from Singapore in- 1977.74 
Since tken, it has been isolated in at least nine Far East- 
ern countries?” and has become endemic. 

Table V lists the number of cases of gonorrhea in 
prostitutes and the general public in Singapore. The 


-~ 


1076 Rajan December 1, 1980 
® 


Am. J. Obstet. Gynecol. 


Table V. Total number and percentage of PPNG and non-PPNG cases, by sex, in Ei ( 1976-79) 


No. in men 


Yr Non-PPNG 


1976 9,212 (99.94%) 1 (0.05%) 2,016 (99.91%) 2 (0.09%) 4.073 (99.73%) . 3 (0.07%) 
1977 1,833 (99.57%) 8 (0.43%) 5,813 (99.76%) 14 (0.24%) 7.646 (99.71%) 22 (0.29%) » 
1978 1,822 (89.0%) 229 (11.0%) 6,214 (89.0%) 796 (11.0%) 8,036 (89.0%) 1,016 (11.0%) 
1979 1,835 (81.0%) 5,714 (81.0%) 1,362 (19.0%) 1,792 (19.0%) 


43) (19.0%) 


Table VI. Percentage of PPNG in female prostitutes 
and public in Singapore (1976-79) 






Public 


Prostitutes 


1976 = oll 0 
1977 0.19 -1.30 
1978 11.33 11.81 


1979 18.79 24.6 


Table VII. Cases of gonococcal ophthalmia 
neonatorum and rate per 100 live births in 
Singapore (1975-79) 


; 1975 1977 | 1978 | 1979 


No. of cases 22 13 

No./100 19 A a 05 0.05 0,03 
live births 

No. with PPNG-in- 
duced ophthalmia l 
neonatorum 0 0 0 3 1 


steady increase in the incidence of infection in women 
and men can be attributed to better facilities for case 
detection provided by the epidemiologic control pro- 
grams started in 1976 for prostitutes. With the success- 
ful implementation of the epidemiologic contrel pro- 
grams, they are an easily accessible group for control. 

The incidence of isolation of PPNG has been increas- 


ing steadily since 1976, when the first three cases were. 


isolated in Singapore (Table V). In 1977, 22 strains 
were isolated (sevenfold increase); in 1978, 1,016 
strains (fiftyfold increase), and in 1979, 1,868. ) 

The rise of PPNG has been significant over the past 4 
years despite control measures, bacteriologic monitor- 
ing, and use of effective antibiotics. At Middle Road 
Hospital, we have been using 2 gm kanamycin in- 
tramuscularly as standard treatment for these strains, 
with a failure rate of 2%.”° Significantly, the incidence 
of non-PPNG strains dropped from 8,036 in 1978 to 
7,464 in 1979 (p < 0.01). This pattern suggests a.shift 
of the bacterial sensitivity. 

Table V shows a breakdown in the incidence of 
PPNG and non-PPNG in men and women. In men, 
incidence of PPNG has risen from 0.06% in 1976 to 


7.540 (81.0%) 


18.7% in 1979 and in women, from 0.09% in 1976 to 
19% in 1979. There also has been a corresponding 
drcp in the incidence of non- -PPNG strains ‘in both 
sexes from 1978 to 1979, 

It has been erroneously inferred that PPNG strains 
we-e confined to the female prostitute.2’ Table VI 
shows the distribution of PPNG infections in female 
prostitutes and the general public. The distribution 
and rise in both groups paralleled each other until 
1978, but in 1979, the rate of increase was higher in the 
general public. If these trends are maintained a greater 
increase in PPNG-induced ophthalmia neonatorum 
ani PPNG-induced pelvic infections can be predicted. 

The first case of PPNG-induced ophthalmia neona- 
torum was reported in 1979 from Singapore.** Since 
then, more cases of ophthalmia neonatorum have been 
recorded (Table VII). It is disturbing to note that for 
the first quarter of 1980, three cases have been re- 
corded. There are no reliable data for the role of 
PPNG in acute and chronic PID in Singapore. How- 
ever, In report of a pilot study of 25 cases of gonorrhea 
in I year at an obstetric and gynecologic hospital, 
PPNG strains were detected in 16% of the cases. One 
patient with this strain had PID. | 

The clinical significance in the shift of bacterial sen- 
sitivity from penicillin-susceptible to penicillin-resistant 
strains in the Far East is far-reaching. A decision to 
change the standard treatment from penicillin to an 
aminoglycoside may have to be made soon. This is es- 
pecially relevant in gynecologic practice where ‘it is 
standard procedure to treat pelvic inflammation with 
ampicillin and tetracycline. Our experience in Singa- 
pore emphasizes the importance and need for a com- 
plete bacteriologic diagnosis before embarking on 
treatment. | . 


Conclusion 


The control and surveillance of agents contributing 
to the pathogenesis of PID in the Far East leave much 
t> be desired. anid the ill effects of this lack of 
control is still an “iceberg,” ugly facts are emerging in 
clinical practice. Unless control programs are ade- 
cuately budgeted, planned, and run with more ef- 
ficiency and vigor, the problems can only worsen. 
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Problems and proposals for the surveillance and 


control of sexually transmitted diseases associated 
with pelvic inflammatory disease in South America 


LUIS ANTONIO pe La TORRE, M.D. 


Mar Del Plata, Argentina 


In South America, the number oi women at risk for gonococcal pelvic inflammatory disease has 
increased greatly along with the incidence rates for gonorrhea. Further information is needed on the 
epidemiologic aspects of gonorrhea and PID in order to develo> programs for optimal control of 
sexually transmitted disease (STD). We think that the control o° STD, including PID, requires 
improvement of four basic factors: professional training in STD, management of STD by ail levels of 
health care services, laboratory diagnostic services, and public education in STD. (Am. J. OBSTET. 


GYNECOL. 138:1078, 1980.) 


IN SOUTH AMERICA, the reported incidence of sexu- 
ally transmitted diseases (STDs) associated with pelvic 
inflammatory disease has increased greatly. Despite in- 
creases in the incidence of gonococcal infections, the 
magnitude of the gonococcal PID problem, its epi- 
demiology, and its impact on the health of women are 
largely unknown. Information on PID associated with 
other STDs is virtually nonexistent. In order to sum- 
marize the problems encountered in the control of 
STD agents associated with PID, I reviewed official 
documents prepared for the Pan American Health Or- 
ganization, as well as articles published in journals of 
South American obstetric and gynecologic societies, 
and I have drawn on personal experience. 


Control problems 


The problem of PID is largely one that involves fer- 
tile women between the ages of 15 and 49 years. These 
women are now at higher risk for STD, and therefore 
PID, than ever before, presumably because of the ear- 
lier onset of sexual activity, more permissive attitudes 
of society, and medical advances that have reduced fear 
of the consequences of sexual activity, namely, venereal 
diseases and unwanted pregnancy. 
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Not only are fertile women at greater risk for STD, 
but the number of such women has increased greatly 
(Table I). By the year 2,000 a.D., it is estimated that the 
number of women in the age group 15 to 49 years will 
have increased by 280% over the number in South 
America in 1950 and by 80% in North America. The 
prediction is that the tropical countries of South 
America (Bolivia, Brazil, Colombia, Equador, Para- 
guay, Peru, Venezuela) will have an increase in fertile- 
age women of 347% during this period, whereas in the 
temperate countries (Argentina, Chile, Uruguay) the 
increase will be 105%. These increases mean that many 
more women will be at risk for PID if the STD 
epidemic continues. 

Between 1970 and 1975, reported incidence rates of 
gonococcal infection increased 29% in Bolivia, 25% in 
Uruguay, 15% in Argentina, and 13% in Colombia 
(Table II). In contrast, the rates declined in Paraguay 
by nearly 50%. The largest increase in the Americas 
during this period was in the United States, with a 62% 
Increase. 

The surveillance systems for STD are inaccurate in 
countries of South America. First, few of the total 
number of cases are reported. No less than 70% of 
ir.fected patients seek care from private practitioners; 
these physicians virtually never report cases because 
they fail to appreciate the importance of STD. More- 
over, the diversity of institutions and the fragmentation 
o? medical care are barriers to the establishment of 
surveillance systems. Diagnostic accuracy 1s poor even 
for reported cases because professionals are in- 
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adequately trained and diagnostic tests are unavail- 
able. Finally, relevant analysis of the surveillance data is 
not performed, reports are delayed, and professionals 
do not receive relevant information. Therefore, the 
data that are collezted are not used optimally, and op- 
portunities to encourage improved reporting by phy- 
sicians or to enhance administrators attention to the 
STD problem are missed. For example, although the 
association of gonorrhea and PID is well known, essen- 
tially no epidemiologic information on PID has ap- 
peared in recent issues of South American medical 
journals. 

Health care services in South America provide highly 
variable population coverage. In all countries, health 
authorities recognize the need to extend health care 
coverage to the sizable population groups that are not 
currently covered for geographic, cultural, functional, 
or financial reasons. Coverage for STD problems is as 
inadequate as it is for general health problems. 

The network of diagnostic laboratories is inadequate. 
As a result, diagnostic tests are ordered infrequently, 
and more demanding tests, such as cultures, which are 
essential for the diagnosis of gonorrhea in women, are 
rarely utilized. Finally, even when diagnostic tests are 
sought, specimen collection is poorly carried out, thus 
producing inaccurate findings. At present, 50% of the 
medical facilities to which physicians are assigned are 
not capable of performing a Gram stain smear. The 
Ten Year Health Plan for the Americas recommended 
the development of health laboratory systems which 
would ensure that minimum laboratory services are 
available to physictans in medical facilites. 


STD control programs 


In most countries of South America, programs for 
the control of STD are limited to the control of pros- 
titution and evaluation and treatment of prostitutes, 
prenatal serologic screening for syphilis, and studies 
performed in women attending hospital gynecology 
clinics. Because epidemiologic services are underde- 
veloped, systematic control and surveillance strategies 
are lacking. I think that existing STD control programs 
are incomplete and have minimal impact on disease 
control. However, other factors contribute to poor 
STD control, as follows. 

Medical care system. Medical care in most South 
American countries is characterized by institutional di- 
versity, with little coordination between institutions. 
Because of this diversity, information systems are dif- 
ferent and clinical services are highly variable in the 
problems emphasized and the quality of care. Health 
systems also heavily emphasize care for acute ill- 
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Table I. Number of women aged 15 to 49 years in 
the Americas, = to 2000* 


No. (millions) per year 


E | 1960 | 1970 | 1980 | 1990 | 1970 | 1980 | 1990 | 2000 


North America. 42.4 45.9 54.1 63.8 70.7 76.1 

Tropical South 20.1 26.3 35.5 48.5 65.9 87.9 
America 

Tempzrate 6.5 7.7 8.9 10.2 11.7 13.3 
South America 


*Data from The Health Conditions in the Americas, 1973- 
1976, Fan American Health Organization/World Health Or- 
ganizat-on Scientific Publication No. 364, 1978. 


nesses rather than preventive health care. This situa- 
tion inhibits the development of standard criteria for 
diagnosis and management of STD cases, standardized 
reporting systems, and a prevention focus for STD 
control, 

Medical care coverage. Not only are some groups 
inadequately provided for by the health care system, 
but the care is fragmented. Thus, preventive health 
care needs, minor acute illnesses, and illnesses that re- 
quire hospitalization generally are provided by distinct 
Institutions. 

Prafessional STD training. The training of medical 
persoanel in diagnostic, treatment, and control aspects 
of STD is inadequate. These diseases are given little 
attention in curricula for undergraduates. Conse- 
quently, graduates are not prepared to diagnose and 
manage the growing number of infected patients seen 
in public and private clinics. 

Laboratory system. The inadequacy of the labora- 
tory retwork prevents accurate diagnosis and man- 
agement of cases, case finding, and epidemiologic sur- 
veys. This deficiency accentuates other problems of the 
health care system for STD. 

Antibiotic misuse. Antibiotics are readily available in 
virtually all countries, and self-medication with in- 
adequate doses of antibiotics is common. The problem 
of inadequate self-medication is particularly common 
in rural areas of many South American countries. 

Pukdic education. The public seems unaware of the 
severity of STDs and their complications, and also lacks 
inforraation about the prevention, treatment, and con- 
trol oZ these diseases. 


Proposals 


Although systems for reporting STDs are inadequate 
in South America, I am confident that STDs represent 
a real public health problem. As in the rest of the 
world. this problem is growing rapidly because of so- 


1080 dela Torre 


December I, 1980 
Am. J. Obstet. Gynecol. - 


Table II. Annual incidence rates of gonotderal infections per 100,000 population i in selected countries 
‘of the Americas, 1970-75* 





Country 
Argentina 44.1 —t 73.8 
Bolivia 24.2 38.7 33.0 
Colombia 182.5 165.2 164.3 
United States 289.8 323.7 367.4 
Paraguay 39.6 29.8 28.3 
Uruguay 9.0 18.2 21.3 


% Change 
77.6 69.8 52.5 +15.0 ~ 
34.3 ee = +29.0 
188.0 193.3 207.7 +13.0 
400.5 | 427.2 477.0 +62.0 
26.0 — 20.0 ~49.0 
21.0 12.0 — +25.0 


*Data from World Health Statistical Annual, vol. H, Geneva 1970, 1971, 1972, 1973, World Health Organization, 1976. 


t Dashes indicate no data available. 


cial, cultural, educational, and medical factors. We 
must define the magnitude of the STD problem and 
characterize the epidemiology of gonorrhea and PID in 
order to adopt the most effective strategies for their 
control. Control programs must be adapted for and 
integrated into the health care delivery system of each 
country. 

I think that ignorance about STD on the part of 
physicians is a major barrier to more effective control 
programs. Thus, STDs are underreported and mis- 
managed, and their consequences ignored. Courses 
which deal with STD must be incorporated once again 
into medical curricula for undergraduate and post- 
graduate students, being taught as an integral part of 
general medicine and obstetrics and gynecology but 
also incorporated into other specialties, such as urology 
and dermatology. Emphasis should be placed on learn- 
ing standardized diagnostic and treatment techniques. 
However, this training should be supplemented by in- 
formation on disease epidemiology and control in 
order to ensure adequate training of physicians. Im- 
proved professional training will ensure effective man- 


agement of symptomatic patients who attend health . 


care facilities and make less difficult case-finding ac- 
tivities among other groups of patients at risk for 


' disease. 


Clinical services for the STD must be available for 
the majority of a nation’s population. Some specialized 
venereal disease clinics exist in South America; but 
these are focused on prostitute populations. Although 


STD specialists and special clinics have an important 
ro.e in national efforts to control sexually transmitted 
disease, care for patients with STD problems must be 
available from all physicians if control is to be effective. 
Since the social security systems provide health care 
coverage for nearly 50% of the population in most 
countries, I think that implementation of STD control 
in primary health care facilities should begin with the 
social security health system. After the establishment of 
diagnostic, treatment, and management norms in the 
social security system, these elements of control can be 
extended to other primary health care providers. In 
th.s way, control coverage of STD eventually could ex- 
tend to the entire population. 

STD control has been established in the social secu- 
rity health care system of Mar Del Plata, Argentina. 
Planning for this control program was undertaken 
jomtly by the city’s social security system and the 
National Institute of Epidemiology under the State 
Secretary of Health. The initial phase has been the de- | 
velopment of a case-finding system to determine the 
incidence of STD among the population served. In 
order to obtain this information, it was essential to 
strengthen the laboratory network with training, per- 
sonnel, and facilities. Building on the experiences 
gained in this joint effort, it has been possible to under- 
taxe national STD control efforts. We think that the 
experience in Argentina may be of value to other pro- 
grams in South American countries. 
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Problems and approaches in the surveillance 


and control of sexually transmitted diseases: 


The Cuban experience 


LEONARDO J. WERTHEIN, M.D.* 
ALFREDO ABREU, M.D.*# 
PEDRO VALDES-VIVO, M.D.**#* 


Havana, Cuba 


Cuba has a comprehensive National Health System which delivers, primary and secondary health 
care to 100% of the population, Communicable disease contrel and preventive medicine programs 
are implemented through this System. The National Syphilis Control Program is described briefly as 
an example of a successful control program for sexually transmitted disease. Data defining the 
magnitude of the problems of gonorrhea and pelvic inflammatory disease are not complete. A 
program for improved gonorrhea surveillance and control is just beginning. Further improvements 
and refinements in this program. are described. (AM. J. OBSTET. GYNECOL. 138:1082, 1980. ss 


CuBA IS A COUNTRY situated in the Caribbean re- 
gion. In 1959, true economic development began, and 
as a result, public health care became a state responsi- 
bility. 

The organization of a National Health System has 
permitted implementation of successful. activities to 
control and eradicate the principal communicable dis- 
eases affecting human health. 

Primary health care is provided by the polyclinics, 
where specialized medical services in pediatrics; inter- 
nal medicine, gynecology-obstetrics, and dentistry, as 
well as x- ray and clinical laboratory facilities, are avail- 
able (Fig. 1). A secondary level of health care has devel- 
oped parallel to the primary level and consists of hospi- 
tals offering health care in all medical and surgical spe- 
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ctalties. This preventive-clinical network guarantees 
coverage for the entire population. Each polyclinic 
offers regionalized medical care to an average of 30,000 
inhabitants, and each hospital toapproximately 250,000. 
- In 1962, the First National Forum on Hygiene and 
Epidemiology outlined the basis for a syphilis control 
g-oup for Cuba. This program was drawn up along 
very general lines and was the first step toward aware- 
ness of epidemiologic data. In 1972, as the result of an 
analysis of the program during the previous 10 years, a 
new program was prepared, radically changing the phi- 
losophy of the work being carried out against syphilis. 
The new program emphasized an active search for 
cases of the disease; backed up by an epidemiologic 
analysis of those cases detected. Additional measures 
included the following nine: 
I. Blood testing techniques were standardized. The 
VDRL* test was selected as the sole serologic test. 
2. Graduate nurses were trained in the techniques of 


epidemiologic interviewing and were assigned to each 


rolyclinic exclusively for this task on a full-time basis. 
3. Medical personnel (dermatologists, epidemiolo- 
gists, obstetricians, urologists, clinical laboratory tech- 
ricians, psychologists, sanitary educaiors, etc.) were 
fully briefed according to their specialities, during na- 
tional and provincial seminars on the new programs. | 
4. The venereal disease control program was totally 
iae eTated into the gener al health services. - 


*Venereal Disease Research Laboratories. 
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Fig. 1. Location of primary care polyclinics in Cuba, December, 1978. 
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Fig. 2. Reported incidence rates of éarly syphilis and gonorrhea per 100,000 inhabitants, Cuba, 


1971-78. 


5. Treatment with adequate follow-up of every 
diagnosed case was established. 

6. Diagnostic criteria were clearly defined. 

7. The prevention of congenital syphilis was as- 
signed the highest priority within the control program. 

8. An active search for cases was carried out by: (a) 
testing of sour ces of infection (location and examina- 


tjon of contacts, suspects, and associates), (b) study of ` 


groups considered at high risk, (c) preventive health 
examinations, and (d) routine serologic testing (for 
blood donors, outpatients, hospital inpatients, etc.). 

9. The prophylactic treatment of all contacts and a 


_ subsequent checkup were instituted, as well as the 


study of identified suspects and associates. 

The implementation of the program adopted in 
1972 vielded much more exact figures on the behavior 
of this disease in recent years. 

The success of the Syphilis Control Program is 
reflected by our: statistics. Although the incidence rate 
of syphilis stabilized at approximately 40 cases per 
100,0C0 population (Fig. 2), over 98% of all reported 
cases cf early syphilis were completely treated and fol- 
lowed up. Interviewing ard contact-tracing techniques 
improved (Table I), and 25% and 30% of the contacts 
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Fig. 3. Percentage of cases of early syphilis diagnosed bv epidemiologic interview, Cuba, 1973, 1975, 


and 1978. 


Table I. Early syphilis: percentage of interviewed 
patients referred to total cases reported, Cuba, 
1973, 1975, and 1978* 


Year | Percentage | 


1973 . 93.2 
1975 96.4 
1978 97.4 


*Data from Provincial Departments of Epidemiology. 


Table II. Early congenital syphilis: cases reported, 
Cuba, various years* 


K Year l | | No. of cases. 


1973 17 
1975 8 
1978 | 8 
1979 | ue 7 


*Data from Provincial Departments of Epidemiology. 


and the suspects/associates, respectively, were diag- 
nosed as having syphilis. Fig. 3 demonstrates the in- 
crease in detection of early syphilis cases as a result of 
epidemiologic interviews. Serologic testing on at least 


two occasions during prenatal care has reduced cases of» 


congenital syphilis to a minimum (Table II). 

With regard to syphilis, and by way of summarizing, 
we can safely say that Cuba has a fairly precise idea of 
the magnitude of the syphilis problem since the num- 


ber of cases reported comprises between 90% and 95% | 


of the true incidence. The complications of this disease 
have been reduced to a minimum, as shown by the 
smal] number of cases of late and congenital syphilis. 

The development of our National Health System 
and the coverage now achieved have controlled the 


syphilis problem. This is attributed basically to the pro- 
fu:ndity of the epidemiologic work. 7 

If we can state that our Syphilis Control Program is 
well developed, the same is not true for programs for 
gonorrhea and its most frequent complication, pelvic 
inflammatory disease. The number of reported cases of 
gonorrhea has been increasing by more than 30% 
yearly (Table Il). The rate in 1979 was 137.8 cases per 
190,000 inhabitants. . 

Most of the reported cases (95%) are in men. This 
siuation has led to the preparation of a control pro- 
gram to be carried out progressively for the purpose of 
d:scovering the frequency of gonococcal infections 
among women in order to institute prompt and ade- 
quate treatment and control complications. 

In the planning and implementation of this control 
program, we have had to face several questions (six to 
follow). for which we must find answers, bearing in 


‘mind not only the. clinical and epidemiologic charac- 


teristics of gonorrhea but also the present availability of 
human and material resources in different fields: 

l. We must determine the magnitude not only of 
gonorrhea infections but of their complications among 
women, and determine the number of cases among 
mei with greater accuracy. 

2. The programs eventually must cover the entire 
population on a progressive basis. 

3. To this end, mechanisms must be set up to permit 
prompt diagnosis and timely notification. | 
_4, A form of treatment considered rapid and effec- 
tive has been adopted. 

5. Epidemiologic investigations will be aimed gt 
guaranteeing the rational utilization of interviewing 
personnel. 

6. The results expected are an increase in the total 
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Fig. 4. Model for prevention and control of congenital syphilis and PID. 


Table III. Gonorrhea: cases reported and percentage 


increase of notification over previous year, Cuba, 
1975-79* 


Yr No. cases reported Increase in notification (%) 


1975 4,385 ~ 

1976 6,229 42.0 
1977 8,239 32.2 
1978 10,211 23.9 
1979 13,705 34.2 


*Data from Provincial Departments of Epidemiology. 


number of cases detected, as well as an increase in the 
percentage of cases among women. 

The first stage of the program calls for the develop- 
ment of those means which will allow tne detection of 
the greatest possible number of cases of gonorrhea 
among women. This will prevent the appearance of its 
most important complication, PID. 

Steps similar to those adopted for the prevention of 
congenital syphilis will be taken (Fig. 4). 

What are some of the measures formulatec thus far? 
. l. We must utilize direct diagnosis by means of the 
Gram stain in our polyclinics so as to identify correctly 
intracellular gram-negative diplococci. 

2. We must develop in our gynecologic-obstetric 
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Fig. 5. Model for the prevention and control of gonorrhea. 


hospitals the capability to diagnose Neisseria gonorrhoeae 
by culture so as to confirm the results of the direct tests 
(a quality-control function), and we must take samples 
from those women who present suspicious symptoms 
but have negative results on the Gram stain test. 

3. Standard first-line treatment will include a dose of 
5 megaunits of procaine penicillin G with 1 gm pro- 
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benecid, or 3.5 gm ampicillin plus 1 gm probenecid. In 
cases of allergy, 10 gm tetracycline will be administered 
over a period of 5 days. 

4. The activity of the nurse interviewers will be 
aimed primarily at the investigation of contacts of men 
to detect infected women. 

5. In the first stage, the search will be directed at 
women who present with symptoms, and later, as re- 
sources permit, it will be widened to include asymp- 
tomatic women (Fig. 5). 

6. The first stage in the development of the program 
will involve selected polyclinics and gynecologic-ob- 
stetric hospitals; later on, it will be extended to all our 
primary health care units and will provide coverage in 
keeping with our National Health System. 

7. Medical personnel, both clinical and laboratory, 
will be trained in order to guarantee the qualitative 
development of the program. 

At present, different aspects of the program, as well 
as the gathering of PID-related information, have 
begun in different health care units throughcut the 
nation. 

As an example, we may cite the work being carried 
out at the Ramon Gonzalez Coro Gyneco-Obstetrical 
Hospital in the city of Havana. Nine polyclinics refer 
patients for secondary health care to this unit, which 
serves about 270,000 inhabitants. 

General statistical data for 1979 related to this pro- 
gram are as follows: (1) number of beds = 259, (2) pa- 
tients discharged = 17,724, (3) patients discharged 
from gynecology services = 4,163, (4) patients with 
PID admitted = 160, (5) cases of puerperal sepsis = 
91, (6) septic abortions = 11, (7) new referred cases of 
infertility = 54, and (8) ectopic pregnancies = 37. Fig- 
ures for the past 5 years have remained at similar 
levels. 
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The diagncsis of PID is made through clinical 
examination, including checking of temperature ande 
pulse, abdominal and gynecologic examination, lapar- 
oscopy, laparotomy, and colpocentesis, as well as erytħ- 
rocyte sedimentation tests. , 

Gynecologic referrals, including those concerhing 
contraceptives and infertility, as well as spontaneous 
aid induced abortions, provide a starting point in the 
search for asymptomatic gonorrhea among the popu- 
letion of the nine polyclinics. 

The microbiologic study of 1,331 symptomatic pa- 
tients, using Thayer-Martin culture medium, resulted 
in a total of 9.4% with cultures positive for gonococci. 
Fndocervical smears confirmed a high (?) rate of posi- 
tive results. A randomized investigation of 295 asympto- 
matic women resulted in a positive culture rate of 1%. 

The data presented in this article summarize the de- 
velopment of activities for the surveillance and control 
of sexually transmitted diseases as carried out in Cuba. 
We have placed special emphasis on the problem of 
sephilis control inasmuch as we can provide data from 
several years’ work. 

In the control of gonorrhea and PID, its most fre- 
quent complication, we have described the fundamen- 
tzl approaches that we are adopting on the basis of the 
study and analysis of worldwide experiences in this 
field. These approaches are being adapted to our Na- 
tional Health System to guarantee medical attention 
for our population on a level with present scientific and 
technical progress. — 


The authors express their indebtedness to Caridad 
Almanza, M.D., for her assistance in the microbiologic 
aspects of this work. 
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Problems and approaches in the surveillance and 
control of sexually transmitted agents associated with 


pelvic inflammatory disease in Africa 


H. NSANZE, M.D. 
Nairobi, Kenya 


The problems in surveillance of sexually transmitted disease (STD) in Africa are numerous and are 
based mainly on socioeconomic barriers. Policies for controlling STD are either inadequate or 
nonexistent in many African countries. Gonococci are becoming increasingly insusceptible to 
penicillin and other drugs because of widespread use of inadequate therapy. Gonorrhea is 
recognized as the major pathogen of pelvic inflammatory disease in Africa. The magnitude of the 
PID problem is so great that current efforts are directed at case treatment rather than surveillance 
and control. The formation of the African Union Against Venerez! Diseases and Treponematoses is 
an important step, and its suggestions and resolutions form a scund basis for improved STD control 


in Africa. (AM. J. OBSTET. GYNECOL. 138:1088, 1980.) 


INSOFAR AS AFRICA is concerned, the key word asso- 
ciated with control of pelvic inflammatory disease is 
“problems.” When problems are the major focus, then 
the approaches to surveillance and control are limited. 

PID is the most common gynecologic problem in 
many parts of Africa. About 40% of acute admissions 
to the gynecology wards of two Nairobi hospitals are 
due to PID.' The same has been observed in Rhodesia, 
where 44% of all gynecologic admissions were due to 
PID.? It is certain that many other developing African 
countries have similar situations. 

The causative agents of PID have been fairly well 
delineated in many centers throughout the world. The 
main sexually transmitted agents are gonococci, chla- 
mydiae, and mycoplasmas; non-sexually transmitted 
agents include anaerobes and, to a small extent, some 
aerobes. I will consider only the first category. 

The gonococcus is the major pathogen in PID in Af- 
rica. 3 Among 58 consecutive women with PID seen in 
Nairobi, 43% had cultures that were positive for 
gonorrhea, and an additional 10% had positive smears 
but negative cultures.’ In Kampala, Uganda, of all 
women with PID, 38.3% had positive cultures.? In the 
Rhodesian study, gonorrhea was isolated in only 4% of 
women with PID.? There is, however, general agree- 
ment by all three centers that the isolation rate of 
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gon cocci from patients with PID would have been 
higher if some patients had not received antibiotics be- 
fore the studies were conducted. Because this is an 
acutely painful condition, the common practice is for 
patients to receive an injection of antibiotic when they 
seek care at primary health care centers. After this in- 
jection of antibiotic, the patients are referred to large 
hospitals where cultures can be obtained. 

In Africa there has been little study of other sexually 
transmitted agents associated with PID. There are mul- 
tiple reasons for this neglect, but two general problems 
can be mentioned. (1) There are too few competent 
gynecologists to cope with the therapeutic, surgical, 
epidemiologic, and research aspects of the enormous 
PID problem. Therefore, the doctors tend to focus 
on.urgent therapeutic and surgical management prob- 
lems and to neglect the epidemiologic and research as- 
pects Moreover, since few workers appreciate the seri- 
ousness of the PID problem, they fail to accord it ade- 
quate attention over and above their many other 
duties. (2) There is a general shortage of laboratory 
support because of inadequate facilities and a scarcity 
of laboratory manpower. Additionally, except for 
gonococci, other sexually transmitted agents responsi- 
ble for PID are difficult to isolate because of the re- 
quirement of sophisticated laboratory equipment and 
supplies and the use of procedures which are not avail- 
able in most African laboratories. Since we are still 
groping in the dark so to speak, for the causative agents 
of PID, it is difficult to discuss surveillance and control 
of them in Africa. 


oe 
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Surveillance 


e Surveillance is based on the finding of cases. Active 
case finding in a rural community is difficult and tedi- 
ous. Arya and associates,* working in two Ugandan 
rural cgmmunities, showed that in onè district with a 
low ‘fertility rate, as many as 18.3% of all the women 
examined were infected by gonococci, whereas the in- 
tection rate was much lower (2.3%) in another district 
with a high fertility rate. However, the resources and 
manpower available for health work make such com- 
munity surveillance on a continuing basis practically 
infeasible. 

Active case finding in urban areas is equally difficult. 
Although small, limited surveys are conducted occa- 
sionally, these are inadequate as a surveillance system. 
Preemployment examination for sexually transmitted 
disease (STD) is conducted for certain job groups in 
some countries in Africa. Before they can begin to 
work, women employed in beer bars, night clubs, and 
some restaurants are supposed to produce certificates 
that indicate that they are free of STD. Moreover, these 
women are supposed to be examined regularly and 
treated if STD is identified. In countries in which pros- 
titution is recognized, although not legalized, the law is 
that if any of the prostitutes are found to harbor any 
STDs, they are liable to a fine or imprisonment, or 
both. Occasionally, the police round up these women 
and present them to doctors for examination. In the 
absence of a doctor, the women usually are interro- 
gated by the policerien. The women usually admit 
their guilt to the policemen and are then taken before a 
magistrate for fine or imprisonment. Since these 
women are a large reservoir for STD, transmit much of 
this type of disease, and are potential candidates for 
PID, it is important that these health examinations be 
done more effectively. Greater support from many au- 
thorities will be necessary to improve these practices in 
Africa. 

Because active case finding has so many short- 
comings, passive case finding remains the main method 
of discovering women who are infected with sexually 
transmitted agerits of PID. These women are identified 
and a diagnosis is made when they come forward be- 
cause of symptoms. Proportionately, the number of in- 
fected women discovered by the passive method of case 
finding is small since most women’are asymptomatic. 
Asymptomati¢ infected women also perpetuate the 
STD problem because they are unaware of the infec- 
tion. Even infected women in whom a diagnosis is 
made can rarely name or bring their contacts for 
treatment. In fact, an attempt at tracing contacts 
frightens the contacts and drives them to private doc- 
tors. Because these patients can ill afford the fees for 
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appropriate private care, they often receive inadequate 
investigation and treatment. 

A number of sexually transmitted agents are also 
passively identified by testing women who attend fam- 
ily planning clinics in Africa.5-§ The gonococcal infec- 
tion vate in these clinics ranges between 2% in Swazi- 
land and 19.5% in Nairobi, Kenya. Investigations to 
discaver sexually transmitted agents are not routine 
since family planning clinics lack adequate laboratory 
facilrties. Therefore, many women who attend these 
clinics will have an intrauterine contraceptive device 
(IUD) inserted through the gonococcal infection, thus 
compounding the severity of the infection and result- 
ing -n PID. Ina few patients with a florid form of STD 
the condition will be recognized and treated before in- 
sertion of any IUD, thus preventing possible PID. The 
invitations to partners, i.e., husbands, to attend the 
clinic for investigations and treatment are easier and 
more acceptable for women attending family planning 
clinics than for those attending other clinics for their 
STD problems. 

Gther problems which impede surveillance of STD 
in Africa are mainly socioeconomic. In performing 
medical surveillance of any type in Africa, there are 
difficulties owing to geography and communication. 
Funds and manpower are inadequate to support cov- 
eraze for the areas one would wish to tackle. In some 
areas, ethnic and tribal barriers hamper STD surveil- 
lance. In Uganda, these factors made it difficult to ex- 
amine women who had no symptoms.’ Traditional and 
religious taboos prevent examination of the female 
genitals by male doctors; the number of female doctors 
in Africa is very small, thus preventing adequate sur- 
ve-llance. 


Control 


After enumerating the enormous problems associ- 
ated with surveillance of STD in Africa, one can hardly 
juztify any talk on contro] programs for PID-associated 
agents. In short, therefore, one can summarize that 
control is minimal in certain countries and nonexistent 
in others. 

Control policies should be largely or partly based on 
identification and adequate treatment of the pool of 
bcth symptomatic patients and asymptomatic gonococ- 
cal carriers. In Africa, only a few of the patients who 
suffer from gonorrhea are treated adequately in the 
few existing good centers; the much larger number of 
patients who report to various other practitioners re- 
ceive inadequate therapy. Even.though relatively resis- 
tant gonacocci are becoming more common in East 
Africa,” 1° very few physicians are aware of effective 
dzugs and adequate dosages for gonorrhea. Verhagen 
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and associates? and Périne and colleagues”? stress that 
the problem of resistant gonococci and antibiotic- 
resistant PID will-continue to increase unless something 
is done to implement proper treatment and other con- 
trol measures on a national level. 

As already mentioned, contacts are hard to identify. 
Every effort to“intrease identification and location of 
contacts should be made. The efforts of both govern- 
ment and voluntary organizations must be stimulated 
for this purpose.. These groups should increasingly 
recognize the seriousness of the morbidity and mor- 
tality associated with gonococcal PID. The African 
Union ‘Against Venereal Diseases and Treponematoses 


(AUAVDT) recommended both points at its inaugural. 
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meeting in 1979. Increased education of all levels of 
medical personnel concerning STD also was recom-* 
mended by ALAVDT. The same African Union has 
recommended increased health and sex education in 
schools. If these recommendations are implemented, a 
foundation will have been laid for avoiding STD and 
thus controlling PID. 

‘Vaccination for gonococci, still in its infancy in the 
developed countries, cannot be suggested at the mo- 
ment; even in the future a gonococcal vaccine is un- 
likely to benefit STD control programs in Africa. Thus, 
if en effective vaccine is found, it is likely to be so ex- 
pensive that many African countries will not be able to 
afford it. 
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Microbiologic techniques for the diagnosis of pelvic 


_ inflammatory disease in developing countries 


* 


Ibadan, N igeria 
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Pelvic inflammatory disease is a major medical preblem that causes serious complications in a large 
number of the female population in many developing countries. It s estimated that between 20% 
and 30% of gynecologic admissions in these countries are due to PID. The alarmingly high © 
prevalence of gonorrhea is probably a major cause of this syndrome. Diagnosis :of PID on clinical 
grounds without laboratory verification is the rule. The various tecnniques for diagnosing PID are 
discussed briefly. Primarily because of very small health budgets the limitations.faced by - 
developing nations in the accurate diagnosis of PID are (1) a lack of adequately trained personnel, 
(2) inadequate clinic facilities, (3) low accuracy of clinical diagnosis, and (4) ill-equipped and 
understaffed laboratory services. Suggestions are offered for improvement of the present 
unsatisfactory situation. (AM. J. OBSTET. GYNECOL. 138:1091, 1930.) 


PELVIC INFLAMMATORY DISEASE is a major medical 
problem in many developing countries. There are no 
accurate statistics to document the extent of the prob- 
lem in all countries of tropical Africa, but studies in 
several medical centers indicate that PID and its se- 
quelae are problems of considerable magnitude. In 
Uganda, between 22% and 30% of gynecologic admis- 
sions were for acute PID.! A similarly high proportion 
of gynecologic admissions in Nigeria are for PID. 

The high incidence of PID in tropical Africa is due 
primarily to the appallingly high prevalence of gon- 
orrhea, although other etiologic factors must be borne 
in mind, including agents that cause nongonococcal 
salpingitis, puerperal sepsis, and septic abortion. At 
one clinic in Uganda which served a population of 
350,000, 18,000 cases of gonorrhea were recorded in 
1971; in the same year, 56,000 cases of gonorrhea were 
encountered in England (population, 46 million)? 
Similarly, in various studies of nearly 1,000 women tn 
Nigeria, gonorrhea was identified in 17% of those who 
complained of vaginal discharge and in 1% to 5% of 
other groups of asymptomatic women (Table I).* 4 

It has been suggested that 10% to 15% of women 
with cervical gonorrhea develop the complication 
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of salpingitis.” Therefore, in tropical Africa, where the 
incidence of gonorrhea is very high, a large proportion 
of the female population will at one time or another 
suffer from PID. Unfortunately, in many women with 
PID, the condition goes unrecognized and untreated. 
This occurs because diagnostic facilities are inadequate 
and symptoms of PID, abdominal pain and fever, are 
ascr.bed to other conditions prevalent in the tropics, 
such as typhoid, dysentery, amebiasis, etc. 

' The acute and florid forms of PID are seen fre- 
quently in hospital outpatients and tn casualty depart- 
meats in developing countries. The subacute and mild 
forms either go unrecognized or are treated by non- 
medical personnel, such as pharmacists, quacks, or na- 
tive doctors; alternatively, the patient may attempt 
self-medication with antibiotics that are easily and 
readily obtainable. The antibiotic dose frequently de- 
pends on the amount of money the patient possesses. 
Wemen with the late sequelae of PID, infertility or re- 
productive problems, crowd the infertility clinics of 
many hospitals where they are discovered to have 
blacked fallopian tubes. Not only is gonorrhea one of 
the most common causes of involuntary infertility in 
tropical Africa, but it is also the cause of chronic pelvic 
pan and ectopic pregnancies. 

The late sequelae of PID are well known, i.e., in- 
vc.untary infertility, persistent pelvic pain, and in- 
creased frequency of ectopic pregnancy. In tropical 
Atrica, the social consequences of PID add even 
greater misery to the health consequences of PID. 
Since procreation is of paramount importance in tropi- 
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Table I. Incidence of sexually transmitted diseases among different groups of Nigerian women previously 
investigated (Osoba and Onifade, 1973, 1975, and 1979) 


% With gonorrhea | % With trichomoniasis | % With candidiasis, 


Groups of women 
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No. investigated 


Pregnant women 208 
IUD acceptors _ 282 
Women complaining of vaginal discharge 228 
Asymptomatic women (illiterate women) 130 
Women with infertility 151 
Total | 999 


3.37 20.6 33.17 

4.61 26.6 16.67 >» 
17.0 19.0 23.0 

5.0 15.0 12.0 

1.32 20.5 


26.6 





Table II. Possible alternative approaches to gonococcal infection depending upon clinical laboratory resources* 


Clinical 
laboratory resources 


Absent Clinical diagnosis 


Women with 


Symptoms of cervicitis, | 
urethritss, or endometritis Symptoms of salpingitis Asymptomatic coniact 


Clinical diagnosis based on lower abdominal 


pain, abnormal uterine bleeding, recent 
vaginal discharge, or cervical motion 
tenderness 


Minimal 
stain of endocervical- 
urethral discharget 

Clinical diagnosis plus 
culture from endocervix 
and anal canal and/or 
urethra 


Optimal (culture, iden- 
tification, antimicrobial 
susceptibility) 


Clinical diagnosis plus Gram Clinical diagnosis plus Gram stain of endo- 
cervical-urethral secretiont 


Clinical diagnosis plus culture from endo- 
cervix and anal canal and/or urethra, or 
culture of culdocentesis or laparoscopy 
specimen 


Gram stain of endocervi- 
cal-urethral secretion t 


Culture from endocervix 
and anal canal and/or 
urethra 





*Data from World Health Organization, 1978. 


tNonsensitive and nonspecific technique depending on clinical laboratory expertise. 


Table II. Diagnostic practices of PID in developing countries 





Teaching or 
specialist hospital 


Any available 
physician 


Personnel mak- 
ing diagnosis 


Specialist or 
consultant 


Type of Clinical examination Mainly clinical, rarely 
diagnosis and bacteriologic bacteriologic 

Laboratory Good Some (microscopy 
facilities only) 


State or city hospital District hospilal 


Nurse or medical auxiliary Nursing personnel, medical auxil- 
Clinical examination 


None 






Health center, 
dispensary, aid posi, etc. 


lary, and nonmedical personnel* 
Clinical history only. 


(rarely physician) 


and/or history only 
None 





* Many are treated by herbalists, native doctors, or quacks or they self-medicate. 


cal Africa, infertile women may be divorced, aban- 
doned, or replaced because they cannot fulfill their 
marital role. 

I will now briefly describe the practices for diagnos- 
ing PID in developing countries and discuss the many 
limitations to accurate diagnosis. 


Diagnosis of PID 


Ideally, the diagnosis of PID should be a clinical one 
that is supported by culture of the endocervical and 
urethral secretions for gonococci, chlamydiae, anaer- 


obes, and other pathogens; laparoscopic examination 


to confirm the clinical diagnosis; and culture of cul- 
docentesis or laparoscopy specimens. 


Alternative diagnostic approaches for gonococcal in- 
fections have been suggested depending upon available 
clinical laboratory facilities (Table I1). The ideal situa- 
tion with optimal laboratory facilities exists in most 
hospitals in the industrialized nations where most pa- 
tients suspected of having PID are seen. However, in 
the developing countries, PID in most patients is diag- 
nosed and treated on clinica] grounds or, at best, with 
use of Gram staining of the endocervical secretions; 
culturing facilities are rarely available. ° 

Practices for diagnosing PID in developing coun- 
tries. In developing nations, the diagnosis of PID varies 
from country to country and also within particular 
countries. The accuracy of the diagnosis depends 
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Table IV. Diagnosis of pelvic inflammatory disease 


Type of diagnosis 


e Clinical history 
Clinical examination 
, Laparoscopy and culdoscopy 
” Laboratory - 
A. Gonococcal 
. Gram-stained smear 
. Culture on selective media 
. Sugar fermentation reaction 
Gonococcal complement fixation test 
Antigonococcal pili antigen-binding assay _ 
Immuncfluorescent staining 
ongonococcal 
. Giemsa and iodine—stained smears 
. Papanicolaou-stained smears 
. Specialized cultures, e.g., for Chlamydia, 
Mycoplasma, anaerobes, herpes virus; and 
cytomegalovirus 
4. Serologic tests, e.g., microimmunofluo- 
resence, IgG chlamydia antibody ` 
5. Serum protein changes, e.g., C-reactive 
protein, antichymotrypsin, and oroso- 
mucoid 


eT ee ree 


largely on the clinical acumen of the personnel who 


make the diagnosis and the distance from the facility to `, 


a main city. In mosi state capitals, the population is 
served by a specialist and/or a medical school. Here, 
gynecologists of consultant level will be found. The 
clinical diagnosis of PID will be backed by standard 
bacteriologic investigations, since the hospital will have 
a good laboratory (Table II). However,’ farther away 
from the main cities, diagnosis usually is made ‘by 


paramedical personnel because of the shortage of med-. . 
ical personnel. The diagnosis is based on inexpert clini- 


cal examination and/or history only. No bacteriologic 
investigations.can be pursued because laboratory facil- 
ities do not exist. 


The majority of the population lives in rural areas in 
most countries and is served by health centers, dispen- ` 
saries, and aid posts. These health facilities are often , 
hundreds of miles away from the major cities and are ` 


linked to them by poor roads. Although most patients 
seek help in such centers, a good many turn to non- 
medical practitioners, such as herbalists, native doctors, 
and quacks, or to self-medication with antibiotics ob- 
tained from the local market. Patients with the acute 


and florid forms of PID usually are referred from their - 


local health facility to the nearest hospital. Although 


there is a physician at the hospital, the necessary trip’ 
ever miles of very bad roads may worsen the patient’s. 


conditon or result in her death. 


In short, the standard of diagnosis and management 
of PID in any developing country relates to the stan- ` ` 


dard of the health care delivery system in that country. 


_ Developed countries 
Yes 


Yes 
Yes (commonly) 


‘Yes 
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Developing countries 


Yes (mainly) 
Yes (mainly) 
No (only few centers) 


Yes (but only few centers) 
Yes Yes (but only few centers) 
, Yes Rarely 
Yes . No. 
_ Yes (rarelv) No 
Yes C 4g No 
Yes No 
Yes (rarely) ` o No 
~ Yes (majo? centers) ‘+ No 
: g Yes l e No 
_ Yes (major centers "* No 


& sr research) 


Limitations of the diagnosis of PID in developing 
countries 


_ The limitations of accurate diagnosis and adequate 


manzgement of PID in developing countries cannot be 


divorzed from the fact that these countries are nonin- 
dustrialized ‘and have a limited health budget. This 
budgetary limitation makes impossible the provision of 
a gocd health care delivery system. The limitations in 
many developing countries are listed here. 

Trained hospital personnel. Doctors, nurses, and 
laboratory technicians are‘in short supply in many de- 
veloping countries, since the health budgets can allow 


` for only one or two medical schools where these per- 


sonnel can be trained. Consequently, great reliance is 
placed on an imported nonindigenous medical staff to 
man the larger hospitals; in the health centers in rural . 


‘areas, paramedical staff, e.g., health assistants, medical 


auxiliaries, etc., are left to manage patients. The virtual 
absence of physicians in the districts and the rural areas 
decreases the accuracy of PID diagnosis, especially 
since laboratory facilities are lacking. 

Clinical facilities. In the major cities and medical 


. schools, clinic facilities are usually fair to good. Patients 


wit: PID who are seen in the outpatient departments 


_are referred to gynecologists. However, in the district 


and rural hospitals, facilities usually are poor, and may 
be substandard. It is not uncommon to find that swabs 
for the collection of specimens, gloves, and specula are 
not available in such centers; consequently, a good clin- 


‘ical examination is not possible, no matter how en- 
‘ thusiastic. the physician. Facilities for culdoscopy and 
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Fig. 1. The vicious circle of STD servize in developing countries. 


laparoscopy can be expected only in the medical 
schools and not in the service-oriented state hospitals 
or district hospitals. 

Most countries have no organized services to deal 
with sexually transmitted disease (STD). At best, there 
may be a clinic in the state capital, managed by a gen- 
eral physician or paramedic. Such clinics manage or 
mismanage the mild and subacute forms of PID, 
whereas the most severe and acute forms are referred 
to the outpatient department. 

Low accuracy of clinical diagnosis. Ít is well known 
that the clinical pattern of acute PID is, to a great ex- 
tent, uncharacteristic. Even for the most competent 
clinician working in well established centers, the accu- 
racy of clinical diagnosis ranges between 60% and 
80%.7° It is to be expected, therefore, that in the 
nonindustrialized nations, where most of the PID pa- 
tients are seen by general physicians and paramedical 
staff, a lower degree of accuracy will be recorded. 

The differential diagnosis of pelvic pain is difficult to 
make, and particularly so for subacute pain. In many 
tropical countries, several common endemic diseases 
(typhoid, dysentery, amebiasis, etc.) may be confused 
with PID, so that a diagnosis is still.more difficult to 
make. In the hands of inexpert personnel, this confu- 
-sion is even more severe. Other differential diagnostic 
problems include septic abortion, puerperal sepsis, and 
other etiologic agents which cause pelvic infections, 
such as tuberculosis, parasites, and fungi, all of which 
are endemic in many tropical countries. Furthermore, 


dicgnostic difficulties are caused by self-medication 
by patients with subtherapeutic or inappropriate anti- 
bictics, a practice widespread in many developing 
countries. 

—aboratory services. Most diagnostic laboratories in 
developing countries are ill equipped, understaffed, 
and manned by improperly trained personnel. This 
stems invariably from inadequate budgetary allocations 
for general laboratory services. Most of these laborato- 
ries lack basic equipment and reagents to carry out 
bacteriologic isolation of genital pathogens, such as 
gonococci, chlamydiae, or mycoplasmas. 

It is well known that the gonococcus is a fastidious 
organism, easily overgrown by intestinal microorgan- 
isms and vaginal flora. Thus, laboratories which use 
nonselective media (because of a lack of funds or for 
other reasons) will record a very low isolation rate for 
gonococcl in cases of PID. The accuracy of such a lab- 
oratory 1s questioned further because, even in the best 
of hands and in well established centers, the frequency 
wita which gonococci can be isolated from the cervix in 
women with PID varies from 2% to 80%.3""! 

Many of the tests used in routine and research inves- 
tigetions of PID are available in most developed coun- 
tries but not in the developing countries (Table IV). 
Performance of all these tests is laborious and expen- 
sive, and places a heavy burden on the laboratory. The 
burden is even greater in the developing countries. 

At present in many nonindustrialized nations the 
diagnosis of PID on clinical grounds without pathologic 
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support is the rule. I suggest that laboratories in the 
larger hospitals be encouraged to carry out microscopic 
and cultural diagnosis of gonococci as a minimum, in- 
sluding susceptibility testing of isolates. Where trained 
personnel are available, Giemsa-stained and iodine- 
stained smears may be performed to identify in- 
tracytoplasmic inclusions of chlamydiae. 


Improvement of the present situation 


Since tubal infection arises mainly as a complication 
of STDs, improvement in the diagnosis and manage- 
ment of PID must be related to the control of STD and 
the standard of venereal disease service in the particu- 
lar country. 

Willcox’ accurately described the vicious circle 
which bedevils the developing countries, ensuring an 
appalling underdeveloped service to control STD, de- 
spite the high incidence of the disease and the common 
complications (Fig, 1). There tends to be lack of interest 
in the problems of STD by the health administrators, 
partly because they refuse to admit that there 1s an STD 
problem and partly because erroneously low figures 
are returned from the one or two clinics which serve 
the entire country. This results in the allocation of only 
a very small budget to deal with STD, whereas the 
major part of the budget is directed toward the more 
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respectable communicable and endemic diseases and 
the medical schools. The overall effect is that facilities 
for diagnosis and treatment of STD and PID are poor. 
‘Therefore, patients are motivated to medicate them- 
selves or to seek treatment from nonmedical personnel, 
such as pharmacists, herbalists, and native doctors, 
whereas the more privileged patients consult private 
practinoners. Consequently, the meager facilities are 
barely utilized and erroneously low figures are 
supphed to the health administrators, thus maintaining 
the vicious circle. Despite the neglect, considerable ex- 
pense is associated with the complications of STD, such 
as strictures, infertility, ectopic pregnancies, etc. 

In order to achieve an improvement in the present 
undeirable and unacceptable situation, the following 
suggestions are offered: (1) change attitudes of health 
administrators to recognize that serious STD and PID 
problems exist, (2) improve the budgetary allocations 
for health services in general and the control of STD in 
particular, (3) provide basic facilities for diagnosis and 
treatment of patients with STD, and the tracing of their 
contacts, (4) educate health authorities, medical per- 
sonnel, and the public at large about STD, and (5) train 
a sufficient number of health personnel to operate a 
reascnably adequate STD control service. 
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Problems and approaches to the control and 
surveillance of sexually transmitted agents associated 
with pelvic inflammatory disease in the United States 


STUART T. BROWN, M.D. 
PAUL J. WIESNER, M.D. 
Atlanta, Georgia 


The naticnal gonorrhea control program has expanded since its inception in 1972 and now reflects 
new information and program evaluations. Initial program objectives to reduce the incidence of 
disease and the resistance of gonococci to antibiotics have been expanded to reduce the 
occurrence of pelvic inflammatory disease and to limit the sequelae of PID. The changes since 1972 
in the national venereal disease control program have increased the number of people helping 
control programs and have enhanced our ability to contro! other sexually transmitted diseases. 


(AM. J. OBSTET. GYNECOL. 138:1096, 1980.) 


THE COORDINATED national gonorrhea control ef- 
fort began in late 1972, after a decade of annual in- 
creases in reported cases.' Compounding the problem 
of increasing cases, treatments had become progres- 
sively less effective as gonococci developed increasing 
resistance to antibiotics.* The program to control 
gonorrhea was built upon administrative and surveil- 
lance systems that had evolved during three decades of 
coordinated efforts by state and local health depart- 
ments and the United States Public Health Service to 
control syphilis. In addition, many aspects of the con- 
trol program were based on syphilis control concepts. 
Thus, screening, tracing of contacts, epidemiologic 
treatment, and effective treatment of cases were used 
to discover cases and limit disease transmission. Since 
this beginning, the gonorrhea control program has 
changed and reflects new information, experience, and 
program evaluations. 

We review the evolution of the gonorrhea control 
effort, arbitrarily dividing the program into an initial 
phase, a middle phase which will be referred to as the 
“transmitter phase,” and the current phase (Fig. 1). Fi- 
nally, we suggest how changes influence our ap- 
proaches to new problems; we use control of Chlamydia 
trachomatis as an example of a new problem. 


From the Center for Disease Control, Bureau of State 
Services, Venereal Disease Control Division, Allanta, 


Georgia. 


Reprint requests: Center for Disease Control, Attn: 
Technical Information Services, Atlanta, Georgia 30333. 


1096 


initial phase 


The initial program objectives were to reduce disease 
inddence and the resistance of gonococci to antibiotics 
(Table I). To reduce disease incidence we sought to 
identify asymptomatic or unrecognized disease in 
women.” To reduce the resistance of gonococc! to an- 
tib.otics we sought to minimize the use of ineffective 
treatments which favored the relatively resistant or- 
ganisms. Thus, national gonorrhea treatment recom- 
mendations were made in 1972, and widespread use of 
them was promoted. 

By 1975, all state and local health departments had 
implemented a gonorrhea screening program which 
ob:ained 9.0 million cultures per year. Broad partici- 
paion was encouraged to identify the maximum num- 
be> of infected women, to increase provider recogni- 
tion of gonorrhea, and to identify the most important 
providers. Laboratory, logistic, and training support 
was organized to ensure that the culture screening ef- 
forts were effective. , 

ontact-tracing interviews with infected men were 
used to identify asymptomatic women; the interview- 
field investigation model used was that developed for 
syphilis. However, the large number of men with 
gonorrhea and the short incubation period of this in- 
fection led many local programs to explore alternative 
methods of referral of sexual partners. 

At that time, public clinics were viewed as sites fo 
treat men, to interview men, and to treat women dis- 
covered by the program. To accomplish these tasks, the 
primary change in many clinics was merely to increase 
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clinic hours. Gram-stain smears replaced clinical diag- 
noses in men, primarily to help target sexual partner 
referral efforts on those men with gonococcal urethritis. 
e Public education was used to create awareness of and 
support for the gonorrhea control program. Education 
for-adolescents was designed to improve their recogni- 
tion of and response to disease. As an integral part of 
the screening effort, medical personnel received in- 
formation on recommended diagnostic and treatment 
methods. 

The reporting of gonorrhea cases remained the pri- 
mary surveillance mechanism, but many health de- 
partments also developed mechanisms to identify and 
follow important epidemiologic variables. Improved 
diagnostic practices, expanded case-finding activities, 
and increased reporting all improved disease surveil- 
lance. In addition, a multi-city surveillance system was 
established to measure trends in resistance of gono- 
cocci and relate these to treatment efficacy.* 


Transmitter phase 


During the second or transmitter phase, experience 
and theoretical consideration, which emphasized the 
greater importance of some disease transmitters, led to 
program changes.” © Efforts to identify patients in 
whom treatment failed and to limit the spread of their 
organisms received additional attention when penicil- 
linase-producing Neisseria gonorrhoeae (PPNG) was rec- 
ognized.‘ l 

In many areas, screening was targeted increasingly at 
patents who attended high-priority providers and who 
attended for tests of cure and repeat testing 6 to 12 
weeks after treatment. Likewise, efforts to improve the 
effectiveness of screening led many programs to en- 
hance quality control and speed reporting of results to 
providers and to ensure treatment of identified 
patients. 

Patient counseling efforts began to change as many 
programs sought to implement tests of cure and re- 
screening. To improve compliance with these recom- 
mendations, the clinic staffs increasingly enlisted pa- 
tients as essential partners? in disease control, Thus, the 
effectiveness of patients in referring their own sexual 
partners allowed programs to focus the traditional but 
more expensive interview—field investigation efforts on 
selected high-priority patients. Such patients included 
those in whom treatment failed, those who had positive 
rescreening tests, and other repeaters. 

Clinic services received increasing attention during 
this period as the number of “important” people grew 
from a few patients with syphilis and their contacts, to 
men with goncrrhea, to all infected patients. In an ef- 
fort to enhance compliance by first managing the pa- 
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Fig. |. Reported gonorrhea rates per 100,000 population in 
the United States for the calendar years 1965 through 1979. 


tient’s problems, many clinics began to expand services 
to encompass sexually transmitted diseases (STDs) in 
addition to gonorrhea and syphilis.” Likewise, efforts 
were made to improve staff sensitivity to patient needs 
and to modify clinic procedures. Increasingly, clinic 
facilities were reevaluated and their importance to the 
control efforts was emphasized. 

With these changes in program focus, education ef- 
forts were directed increasingly at clinic patients and at 
high-risk groups. In addition, voluntary organizations 
were encouraged to undertake education efforts di- 
recied at the general public and to assist in reaching 
high-risk groups. 

Collaboration between the laboratory and field staffs 
of state and local health departmenis allowed im- 
plementation of a PPNG surveillance system.’® Detec- 
tion of a case of PPNG led to intensive field investi- 
gat.ons and follow-up, which limited spread of these 
organisms. 


Current phase 


In the current phase, program experiences, special 
studies, and analyses of national data clarified the pub- 
lic health importance of gonococcal pelvic inflamma- 
tory disease. Therefore, program objectives were 
expanded to include limitation of the incidence and 
coasequences of PID. 

Although program activities had been associated 
with slightly declining gonorrhea rates since 1975 (Fig. 
1). visits for PLD to office-based practices had declined 
mzrkedly since 1973" (Fig. 2). However, attention had 
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Table I. Evolution of national gonorrhea control program in the United States, 1972 to the present 


Initial pnase Transmitter phase 


Reduce incidence 
Reduce resistance 
Limit PPNG 


Reduce incidence 
Reduce resistance 


1, Objectives 


2. Approaches Identify asymptomatic women 


Use effective therapy 


3. Elements 
A. Screening Screen women 


Quality cultures 


B. Contact tracing Interview infected men 


Identify asymptomatic women 
identify transmitters 

Use effective therapy 

Identify resistant organisms 


Counsel for infection 
Inierview repeaters 
Interview men ` 


Current phase 


Reduce incidence 

Reduce PID 

Reduce resistance 

Limit PPNG ` 
Identify all infected women 
Recognize and manage PID 
Identify transmitters 

Identify untreated men 

Use effective therapy 

Identify resistant organisms 


(Focus of elements) 
Priority screening 
Test of cure (TOC) and re- 
screening ` 
Quality cultures and follow-up 


Priority screening 
Hospital emergency room 
TOC and rescreening of 
women 
Quality cultures and follow-up 
Counsel for infection 
Interview patients with gonacoccal PID 
Interview repeaters 
Interview others 


C. Clinic services Expand hours Manage genital problems Performance standards 
Perform smears Patient sensitivity Evaluate for PID 
Support control Collaborate with others 
D. Education General public Infected clinic patients Clinic staff 
Adolescents Repeaters All clinic patients 
Providers High-risk groups Women with PID 
l Providers i Providers 


General public 


Reported cases 


E. Surveillance 
Organism resisiance 


Reported cases 
PPNG 
Organism resistance 


High-risk groups 
General public 
Reported cases 

PID in hospitals 
PPNG 

Organism resistance 





Table II. National gonorrhea control program, 
gonococcal PID initiative 





Screen for gonorrhea in hospital outpatient departments 
Identify “target hospitals” 

Identify and interview women with gonococcal PID 
Evaluate and treat sexual partners 

Ensure apropriate management and follow-up for women 
with gonococcal PID 


ie a ae 


not been directed to secondary prevention, that is, the 
management of cases of PID. Studies conducted in 
hospital emergency rooms by several programs dem- 
onstrated the feasibility of identifying women with 
PID, ensuring appropriate management of such wom- 
en, and identifying many previously untreated sexua! 
partners.'*"'? Treatment of these men should lead to 


reduced transmission as well as a decrease in the risk of 


reinfection for the woman with PID. 

l Efforts to increase the effectiveness of the gonorrhea 
screening program continue; however, major emphasis 
is now placed on improved and expanded screening in 
hospital outpatient departments. As a result of screen- 


- 


ing in hospitals, interactions between health depart- 
ments and hospitals are improving greatly. 

Efforts toward counseling women who have gono- 
coccal PID and referral of sexual partners are intended 
to educate the patients, ensure their adequate man- 
agement and follow-up, and prevent reinfection by 
locating and treating sexual partners. 

Standing orders for clinics which provide care that 
encompasses a variety of STDs have clarified the su- 


pervision and training needs of clinic personnel. The 


model STD prevention/training clinics are now a focus 
for improving the skills of clinic personnel and profes- 
sionals during their formal education. 

Education efforts now focus on providers in clinics, 
emergency rooms, professional schools, and private 
practice. This training emphasizes improved manage- 
ment of individual cases and improved prevention ef- 
forts. Attempts to evaluate education activities aimed at 
patients are being extended to women with PID. 

Surveillance activities now include the identification 
of women with PID in selected hospital emergency 
rooms. This surveillance system will allow local pro- 
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Fig. 2. Total PID visits among women. Visits to the offices of private physicians per 100,000 popula- 
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No. 613; and unqualified, ICDA No. 614, plus diseases ož the parametrium and pelvic peritoneum, 


ICDA No. 616]. 


grams to evaluate PID trends and to adjust programs 
accordingly. 

In summary, the gonococcal PID initiative is an ef- 
fort to emphasize an aspect of gonorrhea control which 
has received inadequate attention (Table I1). It is es- 
sential to develop surveillance and management sys- 
tems for this problem. Collaboration with hospital 
emergency rooms must be improved. In most areas, 
collaboration will begin with improved gonorrhea 


screening which leads to the identification of cases, in- 
terviews, follow-up and referral of sexual partners. 
Many aspects of the national veneral disease control 
program have changed since gonorrhea control began 
in 1972. These changes will enhance future efforts to 
control STDs. Thus, if the control of chlamydial infec- ` 
tion were to begin, the objectives would include reduc- 
tions in PID and perinatal syndromes as well as in dis- 
ease incidence. The developing hospital surveillance 
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systems would be adapted to measure these conse- 
quences and would supplement the current clinic sur- 
veillance systems for the nonreported cases of STD, 
including uncomplicated genital chlamydial disease. 
The tracing of contacts from hospital cases and symp- 
tomatic clinic cases would involve patients in follow-up 
and referrals of sexual partners as developed for 
gonococcal disease. Screening efforts would be focused 
on transmitters and on selected prenatal groups at high 
risk for disease. Improved clinic services will be able to 
attract the less symptomatic patients with chlamydial 
infection and to incorporate new procedures into their 
standing orders. The improved mechanisms for edu- 
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cating providers will facilitate changes in their per- 
formance. Finally, the many outside groups which 
support STD control efforts will ensure the best politi- 
cal climate for chlamydia control efforts. r 

In conclusion, we believe that the efforts to control 
venereal disease need diagnostic and treatmerit stan- 
dards, an understanding of local disease epidemiology, 
and imaginative use of available resources. The process 
of zhange we have described depends on critical 
evaluations by a variety of people; without the partici- 
pation of so many people, our national control efforts 
would be much less effective. 
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During a 20 month period, 110 women with gonococcal pelvic intlammatory disease and 165 
women with uncomplicated gonorrhea were provided intensive case-finding services (interviewing of 
patients and tracing of contacts). Approximately three contacts pər case were investigated, and 
24.3% of the 859 male contacts were infected. Nearly two thirds (64.6%) of the infected contacts 
were asymptomatic. Active public health intervention was frequently necessary to persuade 
asymptomatic men to seek medical attention; removal of these men from the disease pool may 
serve to prevent reinfection of treated women and to diminish the transmission of gonorrhea. 


(AM. J. OBSTET. GYNECOL. 138:1101, 1980.) 


ALTHOUGH GONORRHEA is reportable in the United 
States, its most prevalent complication, pelvic inflam- 
matory disease, is not. Estimates suggest that 10% to 
15% of gonococcal infections in women result in PID.’ 
Public health efforts to control PID are hindered since 
most women with pain in the lower abdomen present in 
clinical settings in which case-finding services may not 
be readily available.? Thus, the epidemiclogic charac- 
teristics of patients with gonococcal PID and the rela- 
tionship of this condition to the overall transmission of 
gonorrhea are not well defined. Few case-finding re- 
ports have been published. 

The present study was undertaken to determine the 
magnitude of the problem of gonococcal PID in Col- 
orado Springs, Colorado, and to describe some of its 
epidemiologic features. 


Material and methods 


Between August, 1976, and March, 1978, we pro- 
vided intensive case-finding services to 110 women 
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with gonorrhea and acute salpingitis (the PID group) 
and 165 women with uncomplicated gonorrhea (the 
comparison group). These 275 individuals from whom 
Nersserila ‘gonorrhoeae were isolated by modified 
Thayer-Martin culture were identified by eliciting the 
inital reason for presentation from attending physi- 
clans in Colorado Springs. Acute salpingitis was 
defined by a self-report of lower abdominal pain as a 
reason for seeking medical care, and was confirmed by 
the patient and her physician during subsequent in- 
terviews with the study staff. Women in the comparison 
grcup had gonorrhea, reported no pain in the lower 
abdomen to either attending physician or study staff, 
and were found to be infected through routine screen- 
ing (51.3%) cr presentation with symptoms other than 
pe.vic pain (48.7%). None of the women in either 
group was a known or suspected gonorrhea contact; 
each presented in a variety of provider settings without 
anf intervention on our part. 

Case-finding consisted of three steps: (1) counseling 
about the natural history, complications, and sig- 
nificance of the disease, the need for test of cure, and 
the importance of the referral of contacts, (2) elicitation 
of contacts, and (3) when necessary, tracing of contacts. 
All traced contacts were offered epidemiologic treat- 
ment as recommended by the Center for Disease Con- 
trel (CDC).’ 

Data on enrollees were recorded on medical charts, 
gcnorrhea epidemiologic records (CDC 9.97), and ve- 
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Table I. Utilization of medical facilities in Colorado Springs, Colorado, by women with gonorrhea 











Facility 
Venereal disease clinic 35 (19.9%) 22 (20.0%) 
Emergency room 74 (42.0%) 46 (41.8%) 
Private physician 45 (25.6%) 28 (25.4%) 
Planned Parenthood 14 (8.0%) 9 (8.2%) 
Other 8 (4.5%) 5 (46%) 
Total 176 (100.0%) 110 (100.0%) 


Table II. Results of elicitation of contacts 


Gonococcal PID Comparison. group 
(N = 110) (N = 165) 


Contacts named ` 


Gonococcal PID 





Comparison group 
All others — 


no. reported 





74 (35.2%) 58 (35.1%) 509 (73.7%) 
13 (6.2%) 10 (6.1%) 36 (5.2%) 
58 (27.6%) 46 (27.9%) 52 (7.5%) 
57 (27.2%) 45 (27.3%) 19 (2.7%) 
8 (3.8%) 6 (3.6%) 75 (10.9%) 


210 (100.0%) 165 (100.0%) 691 (100.0%) 





Infected 86 (22.9%) 
Asymptomatic* 51 (59.3%) 
Not infected 151 (40.3%) 
Not found 115 (30.7%) 
Refused examination 23 (6.1%) 
Total 375 (100.0%) 


123 (25.4%) 
84 (68.3%) 
227 (46.9%) 
122 (25.2%) 
12 (2.5%) 
484 (100.0%) 


909 (24.3%) 
135 (64.6%) 
378 (44.0%) 
237 (27.6%) 
35 (4.1%) 
859 (100.0%) 


x? = 11.854; df = 3; gp < 0.01 





* Asymptomatic includes men who reported no symptoms or recalled one so minor (usually scant discharge without dysuria) 
that they would not have sought medical care without our intervention. 


Table III. Ethnic distribution of cases and contacts 


i Gonecoccal PID 


Comparison group 


Contacts 


White 72 (65.5%) 32 (37.2%) 193 (51.5%) 134 (81.2%) 68 (55.3%) 312 (64.5%) 
Black 19 (17.3%) 46 (53.5%) 130 (34.7%) 18 (10.9%) 45 (36.6%) 136 (28.1%) 
Hispanic 17 (15.4%) 7 (8.1%) 41 (10.9%) 9 (5.5%) 9 (7.3%) 28 (5.8%) 
Other 2 (1.8%) 1 (1.2%) I} (2.9%) 4 (24%) 1 (0.8%). 8 (16%) 
Total 110 (100.0%) &6 (100.0%) 375 (100.0%) 165 (100.0%) 123 (100.0%) 484 (100.0%) 


nereal disease epidemiologic reports (CDC 9.2936), 
thus permitting description of each patient and her 
sexual partner by as many as 110 variables. 


Results 


Population selection. Of the 1,077 women with 
gonorrhea reported in Colorado Springs during the 20 
month study period, 631 were contacts, 50 were re- 
peaters, and seven had disseminated infections. These 
688 women, plus three children, were excluded from 
the study. Of the 275 interviewed, 110 represented 
62.5% of the 176 cases of gonococcal PID reported and 
165 represented 78.6% of the 210 women reported 

“with uncomplicated gonorrhea who were not contacts. 
Efforts were made to offer case-finding services to all 
women eligible for study; thus, two thirds of the pa- 
tients with PID and four fifths of the comparison pa- 


tients were reached. Most of these presented in settings 
othe> than public venereal disease clinics: Nearly half 
of the PID cases were reported by hospital emergency 
rooms, and most of the comparison cases came from 
types. of clinical practice that screen for asymptomatic 
goncrrhea (Table I). 

Patient characteristics. The patient selection process 
produced populations that were similar in age (two 
thircs in each group were between 17 and 23 years of 
age), occupational status (about 25% were unem- 
ployed; 8% were prostitutes), previous history of 
goncrrhea (about 25% had had a previous gonococcal 
infection), and previous history of PID (7% in each 
group). The comparison group had a higher propor- 
tion of married women (14.5% vs. 7.2% for the PID 
grous) and a lower proportion of separated or di- 
vorced women (26% vs. 35% for the PID group). The 
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Table IV. Dispositions of infected contacts : 
Gonococcal PID Comparison group 
Brought to treatment 37 (72.6%) 42 (48.8%) 70 (83.3%) 86 (69.9%) 
, Préviously treated 14 (27.4%) 44 (51.25) 14 (16.7%) 37 (30.1%) 
86 (100.05) 84 (100.0%) 123 (100.0%) 


Total 51 (100.0%) 


same proportion of women in each group used an in- 
trauterine contraceptive device (10%) or used no con- 
traception at all (40%). Significantly fewer women used 
oral contraceptives in the PID group (22.7%) than in 
the comparison group (43%) (p < 0.01). 

Significant differences also were observed in racial 
distributions. The proportion of black and hispanic 
patients was twice as high in the PID group as in the 
comparison group (32.7% vs. 16.4%, respectively; p < 
0.01). Race interacted with contraceptive use (p< 
0.01); white women used oral contraceptives sig- 
nificantly more often than did black women.-Thus, the 
lower proportion of white women (65.5%) in the PID 
group than in the comparison group (81.2%) may (at 
least, in part) have been due to differences in con- 
traception. 

Therapeutic management. Ninety percent of the 
women in the comparison group were treated with one 
of the regimens recommended for gonorrhea by the 
CDC. In contrast, 76% of the women with PID were so 
treated, and only 44% of this group initially received a 
course of therapy recommended for gonococcal sal- 
pingitis by the CDC. 

Case-finding results and interview periods. The 275 
women interviewed named 859 male contacts. On the 
average, three contacts per case were investigated 
(X = 3.1,o = 2.9, range = 1] to 22), and similar rates of 
infected contacts per case were found: 0.78 per case in 
the PID group and 0.75 per case in the comparison 
group. Overall, 24.3% (209 of 859) of the contacts were 
infected. Nearly 60% of the infected contacts in the 
PID group and 68% in the comparison group were 
asymptomatic (Table II). A higher proportion of PID 
contacts could not be examined (36.8% vs. 27.7% in the 
comparison group), including those who refused exam- 
ination (p < 0.01). The PID group named more con- 
tacts per case (3.4) than the comparison group (2.9). 
This difference was not significant when time was stan- 
dardized: Women in both groups named 1.3 different 
partners per month. | 
* Flexible periods for interviewing contacts, adjusted 
to each patient’s sociosexual history, led to additional 
contacts and the discovery of many new cases. About 


Table V. Case-finding technique required for the 
128 contacts newly brought to treatment 


Caze-finding Gonococcal | Comparison 
technique PID group | Total 


Self-referral 12 (28.6%) 39 (45.3%) 51 (39.8%) 


Field follow-up 30 (71.4%) 47 (54.7%) _77 (60.2%) 
Total 42 (100.0%) 86 (100.0%) 128 (100.0%) 


x? = 2.651; df = 1; p > 0.10 


35% of positive contacts in each group had their last 
sexual encounters with the patients more than 30 days 
before a diagnosis was made in the patients. The first 
three contacts named accounted for only 75% of the 
posiuve contacts. More than 15% of the infected con- 
tacts in the PID group and 13% in the comparison 
group were exposed to patients more than 90 days be- 
fore culturing was performed in the patients. 

Racial distribution. Differences were noted in the 
race of contacts by group and in the racial distribution 
of irfected contacts. More than 80% of the women in 
the comparison group were white, but only 64.5% of 
their partners. Approximately 66% of the women in 
the PID group were.white, but only 51.5% of their 
partners (‘Table III). 

Distribution of infected contacts. In neither group 
were positive contacts evenly distributed. No infected 
contact was identified in 45% of the PID cases or in 
45% of the comparison cases. Significant differences in 
distribution were observed in the 55% of cases in which 
at least one positive contact was identified. Twenty-four 
of tne women in the PID group had 56 infected con- 
tacts. These 56 infections comprised nearly two thirds 
of all positive contacts in this group. For the compari- 
son 2roup, 24 of the women accounted for 54 (44% of 
posizives) infected contacts. Thus, 21.8% of the women 
with PID and 14.8% of the comparison women (17.5% 
of all women) contributed over half of all infected con- 
tacts (110 of 209) in the study. 

Disposition of infected contacts and self-referral. 
behavior. Of the 209 total infected contacts, 128 were 
new_y brought to treatment as a result of our investiga- 
tions, and 81 were identified and treated before we 
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intervened (Table IV). As might be expected, most 
(83.6%) of the cases newly brought to treatment were 
asymptomatic (107 of 128). Provided with equal oppor- 
tunities to refer their own contacts to examination, 
members of the two groups behaved differently, al- 
though in neither group did self-referral seem to be a 
very effective case-finding tool. Of the 214 contacts to 
women in the PID group who were located and found 
eligible for examination, only 59 (27.6%) presented by 
this means; among the 234 contacts to women in the 
comparison group who were reached and had not been 
examined previously, 132 (40.7%) were self-referred 
(p < 0.01). Although the numbers are too small to be 
statistically significant (p > 0.10), only 12 (28.6%) of 
the 42 infected contacts newly brought to treatment in 
the PID group were self-referred, in contrast to 39 
(45.3%) of 86 in the comparison group (Table V). 


Discussion 

The substantial number of infected, asymptomatic 
men in the sexual environments of the selected women 
is not surprising. Their presence was presumed, since 
detection of infection in each woman was an incidental 
event; each was self-referred to a physician or hospital 
primarily because of pelvic pain (PID group) or for 
routine gynecologic care (comparison group). To infer 
that some of their sexual partners might be asymp- 
tomatic was reasonable. In contrast, a smaller propor- 
tion of asymptomatic infections will be found in 
partners of women whose diagnoses were made as a 
result of contact tracing.* 5 

That the majority of these women present in clinical 
settings other than public venereal disease clinics em- 
phasizes the importance of outreach efforts and of 
cooperation with the private medical sector on the part 
of control programs. Verification of diagnosis and 
treatment with the private physician should be accom- 


panied by a request for permission to offer case-finding, 


services to these selected gonorrhea patients. Women 
eligible for inclusion in the PID (176 cases) and com- 
parison (210 cases) groups represented about one third 
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of the 1,077 women reported in Colorado Springs dur- 
ing the study period. Epidemiologically, their impor- — 
tance stems from providing public health workers the“ 
opportunity to remove from the disease reservojr 
asymptomatic men who otherwise stand little chance of 
detzction. Men are seldom screened for asymptomatic 
urethritis; even in public venereal disease clinics, yields 
from such a procedure are marginal. Moreover, our 
findings suggest that self-referral of contacts by these 
women fails more often than it succeeds. Many of the 
asymptomatic men identifed in our study were not 
easily motivated to seek medical attention; responsive 
health-seeking behavior was stimulated only by persis- 
ten: appeals from our case-finders. 

Persuading the women with PID to name their con- 
tacts was difficult; it was less so with comparison wom- 
en, That the women in both groups generally held 
the belief that “men always know when they have 
gororrhea” produced much of the resistance encoun- 
tered. The requirement for relatively deep probing 
into the patient’s sexual past (critical periods of more 
than 3 months were more common than shorter peri- 
ods) presented additional difficulties. These obstacles 
were surmounted by the performance of quality con- 
tact interviews; few of these lasted less than an hour. 
Detailed explanations of the course of their infections 
(pazticularly for PID patients) and the use of visual aids 
seemed to be helpful, as did lending an empathetic ear 
to their medical and personal problems. 


Conclusion 


The data presented in the study suggest that gonor- 
rhea case-finding services should be directed beyond 
the usual clinic populations, that these services should 
inchide the use of expanded interview periods, and 
tha: the active tracing of contacts should be im- 
plenented to assure the presentation of asymptom- 
atically infected men. These efforts may serve to pre- 
vent infected men from reinfecting treated women and 
from transmitting gonorrhea to other sexually active 
but as yet uninfected women. 
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From June, 1978, to June, 1979, all ten Columbus hospital emergency departments (EDs) 
participated in a program which provided test-of-cure, follow-up cf untreated cases, and contact 
investigation of. women infected with gonorrhea. Four hundred and eighty-rine women were found to 
be infected with gonorrhea; 99% of these were treated rapidly with recommended schedules. 
Sixteen percent of women with positive cultures required inpatiert care for an average of 6.3 days. 
Seventy percent of women with positive cultures received counseling and test-of-cure for gonorrhea. 
Of 134 men treated as a result of these counseling efforts, 79 (3% were asymptomaticaily 
infected. Source-spread analyses suggested that one third of asi;mptomatically infected male 
contacts had been infected for longer than 30 days. Only one foarth of wamen with gonococcal 
pelvic inflammatory disease (GC-FID) interviewed named male source contacts who were treated 
prior to her presentation with PID. Future approaches to GC-PIC: prevention must include 
cooperative efforts between health department clinics for sexually transmitted disease and 


hospital EDs. (AM. J. OBSTET. GYNECOL. 138:1105, 1980.) 


WOMEN WITH GONOCOCCAL pelvic inflammatory 
disease (GC-PID) and other acute complications of 
gonorrhea often present to hospital emergency de- 
partments (EDs) for care." ? Management of these pa- 
tients and their sexual partners is particularly difficult 
in these health care settings. During 1977, EDs par- 
ticipating in the Columbus (Ohio) gonorrhea screening 
program detected 648 gonococcal infections. Though 
70% of 412 infected’ women were reported to be symp- 
tomatic, only 69% of these were treated at the time of 
their visit. Furthermore, only 25% of nonsymptomatic 
women were treated immediately. Follow-up of un- 
treated patients was inconsistent despite efforts by 
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Table I. Cclumbus Health Department—emergency 
department follow-up, hospitalization, and 
counseling, June, 1978, to June, 1979 










Culture- 
positive 
women. 







No. hospital 
admissions 


Test-of-cure and 
contact tracing 


PID 309 73 (23.6%) 233 (75%) 
(Avg. = 6.3 days) 
O-her 180 7 (3.9%) 110 (61%) 
(Avg. = 5.9 days) 
Total 489 80 (16.4%) 333 (68%) 


(Avg. = 6.25 days) 


hozpital and health department personnel. Beginning 
in: June, 1978, a surveillance system for GC-PID was 
established and all ten hospital EDs in Columbus par- 
ticipated with the Health Department in a program to, 
menage ED patients with gonorrhea. This article de- 
scribes the results of the program during the 12 month 
period from June, 1978, to June, 1979. 
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Table II. Columbus Health Department—emergency department interviewing and contact tracing, 
June, 1978, to June, 1979 


Infections brought to treatment 





No. male 
= No. contacts Per ° 
interviewed examined Symptomatic Asymtomatic Total interyjew 
PID 233 280 . 39 62 ' 101l 0.43 
Other 410 114 J6 17 33 0.39 
Total 333 394 55 79 134 0.40 





Table II. Columbus Health Department—source of 
infection in patients with GC-PID 













Men treated 
prior to 
PID efisode 





Male 
Sources 


Presence of 
symptoms 


Referred for 


treatment 













Yes 63 29 34 
No 55 0 55 


Total 118 (100%) 29 (25%) “89 (75%) 


Methods 


The Columbus Health Department manages a com- 
prehensive gonorrhea control program centered in a 
modern clinic for sexually transmitted disease (STD) 
serving a metropolitan population cf approximately 
850,000. The clinic offers free STD services 5 days per 
week. All men and women attending the clinic with 
gonorrhea are interviewed and their contacts are 
offered free examination and treatment. The Health 
Department laboratory has supported culture screen- 
ing for gonorrhea among 80,000 women per year since 
1972. The ten Columbus hospitals participating in the 
program operate modern, well equipped, and ade- 
quately staffed EDs. 

The gonorrhea management program included pro- 
vision of a uniform culture system for Neisseria gonor- 
rhoeae, telephone reporting of positive results, and 
rapid follow-up of untreated cases. For infected women, 
necessary treatment, follow-up test-of-cure, counsel- 
ing, and referral of sex partners were centralized at the 
Health Department STD clinic. Each woman attending 
the clinic for test-of-cure was interviewed to elicit sex- 
ual contacts for the 90 days prior to her emergency 
visit, Infected men were classified as asymptomatic if 
they denied recent discharge or dysuria. To better un- 
derstand the epidemiology of gonorrhea transmission 
among GC-PID patients in Columbus, we divided in- 
terviewed women into two groups: those with PID and 

„Others. Patients who had positive cultures were in- 
cluded in the PID group if their disease was diagnosed 
as PID by a physician, or if they presented with acute 
lower abdominal pain that responded to antibiotic 


therapy and the STD clinic physician felt PID was the 
probable diagnosis. | 

During this period of time careful histories and phys- 
ical examinations, including pelvic examinations, were 
performed routinely on women attending the STD 
clinic. Additional cases of acute PID, mostly mild in 
severity, were diagnosed and treatments administered 
among this group of patients. 


Results 


Emergency department results. Four hundred and 
eighty-nine, or 8.9%, of the 5,472 ED cultures per- 
formed in women were positive for N. gonorrhoeae. 
Three hundred and nine of these were in patients with 
PID. Most of the other 180 women with gonorrhea 
sought care for nonspecific genitourinary symptoms. 
The mean age of these women, 20.8 years, was slightly 
younger than that of women with gonorrhea who at- 
tended the STD clinic. Most of the 263 men with posi- 
tive cultures presented with signs and symptcms of 
urethritis and were treated immediately, but fewer 
than 60% of women were given adequate initia] treat- 
ment. Through program efforts, the remaining men 
and all but seven of 489 infected women were treated 
within 1 week of their ED visit. 

Table I lists the hospitalization and counseling totals. 
Six of the seven other women admitted from the ED 
were diagnosed as having disseminated gonococcal in- 
fection. No men with gonorrhea required inpatient 
care. Preadolescent girls and women who came to the 
ED with their sexual partners were less often included 
in the follow-up. This accounts for the difference in 
percent test-of-cure between PID and other groups. 

Interviewing results. Results of interviewing and 
contact tracing from these infected women are shown 
in Table II. Seventy-nine (59%) of the 134 men who 
were infected but not yet treated had no symptoms. It 
was found that an additional 118 men had béen treated 
for gonorrhea prior to the interview. 

All infected men were also interviewed to determine 
sexual contacts. By comparing interview information 
from patients with GC-PID with that obtained from 
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Table IV. Columbus, Ohio—distribution of gonorrhea, June, 1978, to July, 1979 


Provider 


e STD clinic 
Other providers 
(private and public) 
"Total 


2,599 (70%) 
1,101 (30%) 


3,700 (100%) 


their infected contacts, we were able to identify the 
men who were probable sources of infection in 118, or 
51%, of the 233 PID patients interviewed. Fifty-five 
(47%) of the 118 identified sources were asymptom- 
atically infected and 63 (53%) had symptoms. Among 
symptomatic sources, only 17 (27%) had been infected 
for more than 7 days and only two for 1 month or 
longer. In contrast, 46 (84%) of the asymptomatically 
infected men had been infected for longer than 1] week 
with 19 (35%) infected longer than 1 month before 
treatment. As Table IH indicates, only 25% of iden- 
ufied male sources had been treated prior to the wom- 
an’s presentation with PID. None of the asymptom- 
atically infected men independently sought treatment, 
while more than half of the symptomatic sources were 
referred for treatment after the PID episode. 

PID surveillance. During this period of time in Co- 
lumbus, 10% of the 3,772 reported gonorrhea cases in 
women were associated with a diagnosis of PID. This 
probably represents a considerable underestimate of 
the GC-PID rate since only four of 1,913 gonorrhea 
cases reported by private physicians, family planning 
clinics, and other providers were designated as PID. 
Sixty-five cases of GC-PID were diagnosed among 
1,376 cases of gonorrhea seen in women in the STD 
clinic. These were generally mild, requiring referral 
infrequently and hospitalization rarely. Nearly two 
thirds of infected women seen in EDs (309 of 489) were 
diagnosed as having GC-P1ID. They represented more 
than 80% of reported cases of GC-PID. Table IV illus- 
trates the distribution of the nearly 7,500 cases of 
gonorrhea reported during the period of study. 


Discussion 

Our findings confirm that women with serious pelvic 
infections associated with gonorrhea often seek care at 
hospital emergency departments.'~? Two thirds of the 
women with positive cultures in the EDs sought care 
for PID, while most others presented with symptoms 
suggestive of urethral syndrome, endometritis, or 
gervicitis/ vaginitis.” 577 Nearly one quarter of patients 
with GC-PID required hospital admission and over 500 
hospital bed-days were consumed by women first at- 
tending emergency departments with gonorrhea. The 


Ne. men with GC No. women with GC 


No. women with GC-PID 


1,376 (36.5%) 
2,396 (63.5%) 


65 (17%) 
313 (83%) 


3,772 (100%) 378 (100%) 


finding that no men were hospitalized underscores the 
sexual inequity of the burden of suffering from this 
infection. 

We were able to identify infected probable sources in 
only 50% of cases of GC-PID. Since we required a ver- 
ified laboratory diagnosis to designate a probable 
source, some failures could be attributed to transient or 
undetected infections in men. Additionally, some male 
sources of infection may have had contact prior to our 
artitrary 90 day interviewing period, as suggested by 
Philips and associates. Our finding that nearly 50% of 
identified sources were asymptomatically infected with 
N. gonorrhoeae reinforces the importance of the asymp- 
tomatic man as a transmitter of infections that lead to 
coraplications.* * !° Their potential for transmission 
and for reinfection of these women is high since more 
than one third of these asymptomatic men had been 
infected for longer than 1 month. When symptomatic 
men who fail to seek treatment are included, 75% of 
identified sources of GC-PID required referral for 
treatment. 

Counseling of men attending the STD clinic with 
gor.orrhea during the study period resulted in the 
ideatification of more than 640 infected women. Only 
18 «2:8%) of these contacts presented to the Columbus 
ED: with gonococcal PID. Most other women treated 
for gonorrhea at the STD clinic are referred by their 
sex partners or they themselves suspect exposure to 
infection. Although 5% of women with gonorrhea at- 
tending the clinic were diagnosed as having PID, STD 
clinic cases were very mild and of short duration; such 
early detection and treatment probably are associated 
with a better fertility prognosis for these women.!! 
These data support the logical presumption that rapid 
contact tracing and/or patient referral of contacts can 
prevent serious PID in these women. . 

Despite efficient intervention efforts, patients with 
gonococcal PID continue to present on a regular basis 
to Columbus EDs. Since. only 25% of known male 
sources were treated prior to the woman's PID episode, 
more efficient contact tracing is not the whole solution: 
Further PID prevention efforts must include innova- 
tive approaches such as intensive, repeated screening 
of kigh-risk women and detection of asymptomatic 
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male carriers through contact tracing from cases in 
women, and, perhaps, screening of groups of high-risk 
men. 

In communities where STD clinics serve a large pro- 
portion of men infected with gonorrhea and where 
hospital EDs care for a large portion of women with 
GC-PID, cooperative efforts are crucial for the control 
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A problem-oriented gynecology clinic for patients 
. with sexually transmitted diseases 
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A problem-oriented clinic designed to provide continuity of care tor female patients with sexually 
transmitted diseases (STDs) is described. The primary goal of the clinic is to ensure adequate 
follow-up care for individuals diagnosed as having pelvic inflammatory disease. Functions of the 
clinic also include follow-up care for patients with positive gonorrhea cultures and consultation for 
individuals with other STDs. From the time of initiation of the clinic in January, 1976, until November 
15, 1979, 4,305 patients were seen. A stratified random sample of 190 of these patients revealed 
the reasons for attending the clinic to be: (1) follow-up for PID, 35 patients (44.7%), (2) positive 
gonorrhea culture, 63 (36.3%), (3) unsatisfactory gonorrhea culture, 14 (7.4%), (4) gonorrhea 
contact, 10 (5.3%), and (5) other, 12 (6.3%). Complete follow-up: has been obtained on 3,935 
(91.4%) of the patients. Of the 370 patients who did not return for follow-up visits, 336 were 
reported to the local health department for retrieval. There were 34 patients in whom the follow-up 
Status could not be determined. The establishment, operation, advantages, and disadvantages of 
the clinic are discussed. (AM. J. OBSTET. GYNECOL. 138:1109, ~ 980.) 


PELVIC INFLAMMATORY DISEASE is a frequently oc- 
curring complication of gonococcal infections.’ It oc- 
curs in young, sexually active women and is often 
difficult to differentiate from other illnesses.? PID is 
associated with significant sequelae regarding fertility” 
and it can be confused with life-threatening problems 
such as acute appendicitis and ectopic pregnancy. The 
difficulties in establishing frm diagnostic criteria for 
PID have resulted in it remaining a diagnosis of exclu- 
sion, in which case the patient with this diagnosis must 
be followed carefully to preclude serious medical 
problems. 

Most patients diagnosed as having PID are seen in 
outpatient clinics and emergency rooms.’ Follow-up 
evaluations for patients seen in this setting are usually 
poorly structured and are frequently discouraged. 
When follow-up evaluation does occur it is rarely per- 
formed by the same clinician who originally treated the 
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patent. Therefore, a lack of continuity in care usually 
resclts when there are no protocols to standardize pa- 
tiert Management. 

Because of the difficulties encountered in the man- 
agement of patients with PID, we established a clinic to 
provide follow-up care for these individuals. An addi- 
tional objective of the clinic was to standardize care for 
female patients with other sexually transmitted diseases 
(STDs). Our experiences in the establishment and 
management of this clinic are the subject of this report. 


Personnel, materials, and methods 


Personnel. a 

Patient popuiation. Initially the clinic was established 
to provide follow-up care for patients seen in the 
emergency room and diagnosed as having PID. We 
progressively expanded the criteria for clinic evalua- 
tion to include: (1) female patients with positive 
gonorrhea cultures¥obzained at all in-hospital clinic 
sites, (2) individuals in whom a gonorrhea culture was 
unsatisfactory for diagnosis, (3) patients having sexual 
conzact with individuals known to have gonorrhea, (4) 
indrviduals with other sexually transmissible diseases, 
such as trichomoniasis, condyloma accuminata, herpes 
simplex virus infections, syphilis, and nonspecific vag- 
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initis, (5) patients referred from inpatient and outpa- 
tient facilities to rule out STDs, and (6) follow-up for 
patients recently hospitalized for pelvic infections. 

Administrative staff. The clinic has one full-time secre- 
tary who coordinates clinic appointments, reviews and 
posts laboratory reports, maintains records of patient 
visits, and completes morbidity reports. This person 
also functions as a liaison with the local health depart- 
ment to ensure that appropriate care is provided for 
the sexual partners of the clinic attendees. Coordina- 
tion of the clinic’s activities with other facilities in the 
hospital is done also. 

Clinical staff. The primary health care provider in the 
clinic is a physician extender, either a physician’s assis- 
tant or nurse practitioner. Gynecologic house officers 
also assist in providing patient care. Attending physi- 
cians, although not always present in the clinic, are 
available for consultation. Family practice house of- 
ficers, emergency medicine house officers, nurse prac- 
titioner students, physician’s assistant students, and 
medical students also assist periodically, under close 
supervision, in the care of the clinic patients. Consulta- 
tion in all speciality areas is available on an immediate 
basis. 

Nursing staff. A full-time registered nurse in charge 
of the gynecology clinic supervises the nursing aspects 
of the pelvic infections clinic. This individual ensures 
that adequate nursing assistant personnel are available 
to meet the clinic needs. Additionally, nurses adminis- 
ter prescribed therapy and provide some patient edu- 
cation. 

Materials. 

Physical facilities. An appropriate number of examin- 
ing rooms in the gynecology clinic are set aside for 
conducting the clinic at specified intervals in order to 
meet the needs of the clinicians and the anticipated 
patient attendance. These rooms are stocked appro- 
priately with diagnostic aids to meet the needs of this 
clinic. 

Medical record. A chart designed for problem-orient- 
ed care of patients attending an STD clinic is employed. 
Historical data include: (1) age, (2) parity, (3) men- 
strual history, (4) contraceptive choice, and (5) reason 
for attending the clinic. The physical examination 
evaluates: (1) vital signs, (2) major body sites involved 
by STDs, and (3) a checklist fof pelvic examination 
findings. 

Data card. A 5 by 8 inch summary data card is main- 
“tained on each patient. This is attached to the front of 
the chart and indicates the dates, diagnosis, laboratory 
results, and therapies for each visit. This is employed to 
decrease the bulkiness of the medical record and facili- 
tates evaluation of patients. 
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Data book. A log book of patient visits is kept. This 
volume contains: (1) the clinic date, (2) the patient’s 
name, (3) an identifying history number, and (4) the 
reason for attending the clinic. The clinic attendance is 
summarized in tabular form at the completion.of each 
day, indicating the number of patients scheduled, the 


number that attended, and what type of care was 


provided. 

Methods. All patients referred to the clinic are seen 
and =valuated, irrespective of their problem. Problems 
not related to gynecologic infectious diseases are re- 
ferred to appropriate agencies. 

The primary thrust is to provide follow-up for pa- 
tients diagnosed in the emergency room as having pel- 
vic mflammatory disease. Although all patients for 
whom this diagnosis is entertained are evaluated, we 
have established guidelines for the diagnosis. These 
include the patient having at least four of seven criteria 
which include: (1) abdominal tenderness, (2) abdomi- 
nal rebound tenderness, (3) cervical displacement ten- 
derress, (4) adnexal tenderness, (5) adnexal mass, (6) 
white blood cell count in excess of 10,000/mm4, and (7) 
oral temperature higher than 38° C. Once the diagnosis 
is made and other diagnoses have been excluded, ther- 
apy is initiated by protocol. Therapy includes either 
procaine penicillin G (4.8 megaunits intramuscularly) 
plus probenecid (Benemid, 1 gm, by mouth stat) and 
ther. ampicillin (500 mg by mouth four times daily for 
10 days) or tetracycline (1.5 gm stat followed by 500 mg 
by mouth four times daily for 10 days). Each patient is 
instructed to return to the pelvic infections clinic within 
24 td 72 hours irrespective of how she feels, unless her 
condition worsens. All patients are instructed as to the 
signs and symptoms of ruptured ectopic pregnancy 
and progressive peritonitis. 

Upon arrival at the clinic the patient is evaluated by 
the clinic staff. A problem-oriented record is com- 
pleted on each patient. Physical findings at the time of 
the visit are recorded and compared to previous clinic 
or emergency room records when appropriate. The 
patzent is counseled by the clinician regarding the na- 
ture of the problem, with a reemphasis by the nurse. 
Patents receiving therapy are instructed to return 
within 4 to 7 days of completion of treatment for 
test-of-cure evaluation. Patients with other clinical en- 
tities are managed accordingly. Those individuals re- 
turning for test-of-cure evaluations are requested to 
return for rescreening 6 weeks later. 


Fesults 


Upon initiation the clinic was operated on a daily 
bas:s and required minimal time and personnel. Ini- 
tial-y the daily load varied between one and three pa- 
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tients. Daily visits to the emergency room were needed 
to reinforce the concept of the clinic. With time more 
patients were referred, and currently 20 to 30 patients 
are scheduled for each clinic session that meets for 
three 4 day sessions per week. Approximately 50% of 
the Scheduled patients fail to show up on a given day. 
The majority of patients who fail to return are those 
who have been scheduled for rescreening or repeat 
cultures. The percentage of kept follow-up visits for 
patients with PID is 75% for immediate evaluation and 
65% for test-of-cure. When patients fail to return as 
scheduled, efforts are made to contact and reappoint 
them. We attempt to reschedule them at their conveni- 
ence, when feasible. This has resulted in excellent 
follow-up. 

During the period between January 1, 1976, and 
November 15, 1979, 4,305 patients were scheduled to 
be seen and 10,376 visits were made to the clinic. There 
was an average of 2.4 visits per patient. A stratified 
random sample of 190 patients was obtained. Reasons 
for attending the clinic among patients in this sample 
were: (1) follow-up visits for PID, 85 patients (44.7%); 
(2) patients with positive gonorrhea cultures returning 
for therapy, 69 (36.3%); (3) patients with unsatisfactory 
gonorrhea cultures returning for repeat cultures, 14 
(7.4%); (4) patients having a history of sexual contact 
with individuals diagnosed as having gonorrhea, 10 
(5.3%); and (5) a miscellaneous group of individuals 
seen for vaginitis, follow-up of recent hospitalization, 
and rescreening, 12 (6.3%). Follow-up evaluations of 
3,935 (91.4%) of the 4,305 patients were obtained. 
There were 370 patients who failed to return for the 
visits as requested. The local health department was 
asked to assist in providing follow-up of 336 of these 
370 patients. There was inadequate information on 34 
patients and their follow-up status could not be de- 
termined. 

The clinic has been employed successfully for training 
purposes. Gynecology, emergency medicine, and fam- 
ily practice house officers periodically rotate through 
the clinic. This facility in conjunction with a local health 
department clinic, staffed by the same clinicians, pro- 
vides training in the management of STDs for medical 
students, house officers, and physician extenders. The 
clinic is also used for conducting clinical update courses 
in the management of patients with STDs. 


Discussion 


, The need to establish a clinic to provide problem- 
oriented care for female patients with STDs can be 
questioned in some settings. The decision should be 
made on the basis of population served and the 
availability of alternate facilities. The establishment of 
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sech clinics, however, offers many advantages and very 
few disadvantages. 

The clinical diagnosis of PID has been determined to 
be in error as frequently as 35% of the time.” Condi- 
ticns with clinical presentation similar to that of PID 
include: endometriosis, ovarian cysts, intrauterine preg- 
nancy, ectopic pregnancy, acute appendicitis, and 
other gastrointestinal problems. Both ectopic preg- 
nancy and acute appendicitis, if not managed aggres- 
sively, are life-threatening illnesses. Although we have 
no firm statistics regarding this phenomenon after 4 
yeers of operation, the senior author recalls eight cases 
of ectopic gestation and two cases of acute appendicitis 
misdiagnosed initially as PID that were retrieved from 
the problem-oriented clinic. Whether these patients 
would have been treated similarly 1f this clinic had not 
been available certainly cannot be determined. 

We have been very liberal with our indications for 
diagnostic laparoscopy in patients attending this clinic. 
We have employed this technique in all patients who 
have not responded promptly to therapy and in those 
in whom the diagnosis was questionable. Because of 
laparoscopic examinations we recognize that endome- 
trios:s and ovarian cysts are frequently misdiagnosed as 
PID. We feel that the clinic has allowed us to focus our 
atterition on a group of patients who are frequently 
misd:rected from clinic to clinic and in whom no sub- 
stantiated diagnosis is made. 

Currently there are many antibiotics available for 
treatment of pelvic infections. The wide array of agents 
can result in many different forms of therapy being 
employed, some of questionable effectiveness. The es- 
tablishment of the clinic has allowed us to initiate ther- 
apy protocols in order to evaluate various drugs. The 
establishment of standard regimens with notations of 
their =ffectiveness can be used as a data base to sys- 
tematically study other antibiotics. 

Training in the management of patients with STDs ts 
not widely available in the United States. Additionally, 
this usally is not part of a medical school curriculum. 
The establishment of the problem-oriented clinic and 
its coordination with health department facilities have 
allowed us to initiate such a training program. We have 
used the facility to train house officers in various spe- 
cialties, physician extenders, and medical students. 
Additionally, we have employed the clinic to conduct 
physician update trdining programs in the manage- 
ment ot the female patient with STD. We think that the 
facility has been invaluable for this purpose. ° 

The clinic is also employed as a referral agency for all 
gonorrhea cultures obtained in the hospital. Positive 
results ere followed up appropriately by the clinic sec- 
retary. “his ensures either that patients will be brought 
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to therapy at the hospital or that local health depart- 
« ment personnel will be made aware of the patients. 
This also decreases duplication of efforts in retrieving 
patients. 

The major disadvantage of this clinic is that only one 
_ member of the couple with STD is evaluated. It would 
be more ideal to conduct the clinic in a setting where 
both parties could be evaluated. There is the advan- 
tage, however, of the same staff operating the local 
health department clinic; therefore continuity of care, 
although not in the same physical location, can be ac- 
complished. : 


f Ld 
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In conclusion, we feel that we have fulfilled the initial 


goal of the clinic in providing high-quality, standard- « 
ized, follow-up care for patients diagnosed as having | 


PID. Additionally, we feel that we have been able tò 
provide many. other services, such as a referral center 
and teaching facility, that otherwise would not Rave 
been accomplished. 


“The authors would like to express their sincere ap- 
preciation. to the gynecology staff at The Johns Hop- 
kins Hospital. Without their help, this clinic would not 
be a reality. ` 
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1. She wants convenience. 
2. She wants nonhormonal contraception. 
3. She smokes. 

4. She is over 35. 


9/ 
(intrauterine copper contraceptives) 


Answer their 
contraceptive priorities... 


1. For the contemporary woman who wants free- 
dom from rigid schedules, the copper IUD is a logi- 
cal choice because of its inherent convenience. 


™ 


. 2. For the new mother who wants to space her 
family...the copper IUD has no effect on lactation. 
Its efficacy rate is almost as high as that of the Pill. 


e 


Therefore, the postpartum period may be an espe 
cially opportune time to insert a Cu-7 or Tatum-], 
providing involution has occurred. 


3. For the woman—of any age—who smokes, the 
copper IUD produces no problems in association 
with smoking. 


4. For the woman who has passed the Pill years, 
but who still wants highly effective and reversible 
contraception, the copper IUDs are a logical 
choice. 


intrauterine contraception is not appropriate for all women. See 
complete prescribing information prior to use. 


Please see next page for a brief summary of product informatior. 


¿ 
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Cu7 Tatum-T 





(intrauterine copper contraceptives) 


Description: The Cu-7 has coiled around the vertical limb 89 mg. of copper wire providing 

_approximatgly 200 mm? of exposed copper surface area. The Tatum-T has coiled around the 
vertical fimb 120 mg. of copper wire providing approximately 210 mm? of exposed copper 
surface area. 


Contraindications: Not to be inserted when any of the following conditions exist: pregnancy 
or suspicion of pregnancy; abnormalities of the uterus resulting in distortion of the uterine 
cavity; acute pelvic inflammatory disease or history of repeated pelvic inflammatory disease, 
postpartum endometritis or infected abortion in the past three months: known or suspected 
uterine or cervical disease such as hyperplasia or carcinoma including unresolved, abnormal 
“Pap” smear: vaginal bleeding of unknown etiology: untreated acute cervicitis until infection 
is controlled. diagnosed Wilson's disease. known or suspected allergy to copper. previous 
ectopic pregnancy: significant anemia: and valvular heart disease, leukemia, or use of 
‘chronic corticosteroid therapy. 


Warnings 
1. Pregnancy: (a) Long-term effects The long-term effects on the offspring of the presence of 
copper in the uterus when pregnancy occurs are unknown 

(b) Septic abortion. Reports have indicated an increased incidence of septic abortion 
associated in some instances with septicemia. septic shock and death in patients becoming 
pregnant with an IUD in place. Most of these reports have been associated with the mid- 
trimester of pregnancy. in some cases. the initial symptoms have been insidious and not 
easily recognized. If pregnancy should occur with a Cu-7 or Tatum-Tin situ, the IUD should be 
removed if the thread is visible or, if removal proves to be or would be difficult. interruption of 
the pregnancy should be considered and offered to the patient as an option. bearing in mind 
that the risks associated with an elective abortion increase with gestational age. 

(c} Continuation of pregnancy. ff the patient chooses to continue the pregnancy and the 
Cu-7 or Tatum-f remains in situ. she must be warned of increased risk of spontaneous 
abortion and increased risk of sepsis. including death. The patient must be closely observed 
and advised te report immediately all abnormal symptoms. such as flu-like syndrome, fever. 
abdominal cramping and pain, bleeding, or vaginal discharge, because generalized 
symptoms of septicemia may be insidious. 


2. Ectopic pregnancy: (a) Pregnancy which occurs with an IUD in situ is more likely to be 
ectopic than pregnancy occurring without antUD. Therefore, patients who become pregnant 
while using a Cu-7 or Tatum-T should be carefully evaluated for the possibility of ectopic 
pregnancy. 

(b) Special attention should be directed to patients with delayed menses. slight 
metrorrhagia and/or unilateral pelvic pain. and to those patients who wish to interrupt a 
pregnancy occurring in the presence of a Cu-7 or Tatum-T. to determine whether ectopic 
pregnancy has occurred. 


3. Pgivic infection: Anincreased risk of pelvic inflammatory disease associated with the use of 
IUDs has been reported. While unconfirmed, this risk appears to be greatest for young 
women who are nulliparous and/or who have multiple sexual partners. Salpingitis can result 
in tubal damage and occlusion, thereby threatening future fertility. Therefore, it is 
recommended that patients be taught to look for symptoms of pelvic inflammatory disease. 
The decision to use an IUD ina particular case must be made by the physician and patient with 
consideration of a possible deleterious effect on future fertility. 

Paivic infection may occur with a Cu-7 or Tatum-T in situ and at times result in the 
development of tubo-ovarian abscesses or general peritonitis. The symptoms of pelvic 
infection include: new development of menstrual disorders (prolonged or heavy bleeding), 
abnormal vaginal discharge, abdominal or pelvic pain. dyspareunia, fever. The symptoms 
are especially significant if they occur following the first few cycles after insertion. 
Appropriate aerobic and anaerobic bacteriologic studies should be done and antibiotic 
therapy initiated promptly. If the infection does not show marked Clinical improvement within 
24 to 48 hours, the Cu-? or Tatum-T should be removed and continuing treatment reassessed 
on the basis of results of culture and sensitivity tests. 


4. Embedment: Partial penetration or lodging of the Cu-7 or Tatum-T in the endometrium or 
myometrium can result in difficult removal. This may occur more frequently in smaller uteri, 
See removal instructions. 


5. Perforation. Partial or total perforation of the uterine wali or cervix may occur, usually 
during insertions into patients sooner than two months after abortion or delivery, or in uterine 
cavities too small. The possibility of perforation must be kept in mind during insertion and at 
the time of any subsequent examination. If perforation occurs, laparotomy or laparoscopy 
should be performed as soon as medically feasible and the Cu-7 or Tatum-T removed. 
Abdominal adhesions, intestinal penetration, intestinal obstruction, and local inflammatory 
reaction with abscess formation and erosion of adjacent viscera may result if the Cu-7 or 
Tatum-T is left in the peritoneal cavity. 


6. Medical diathermy: The use of medical diathermy (short-wave and microwave) in a patient 
with a metal-containing IUD may cause heat injury to surrounding tissue. Therefore, medical 
ory to the abdominal and sacral areas should not be used on patients using a Cu-7 or 
Tatum-T, 


7. Effects of copper: Additional amounts of copper available to the body from the Cu-7 or 
Tatum- may precipitate symptoms in women with undiagnosed Wilson's disease. The 
incidence of Wilson's disease is 1 in 200,000. 


Precatitions 

1. Patient counseling. Prior to insertion the physician, nurse, or other trained health 
professional must provide the patient with the Patient Brochure. The patient should be given 
the opportunity to read the brochure and discuss fully any questions she may have 
concerning the Cu-7 or Tatum-T as well as other methods of contraception. 


2. Patient evaluati clinical considerations. (a) A complete medical history should be 
obtained to determine conditions that might influence the selection of an IUD. A physical 
examination should include a pelvic examination, “Pap” smear, gonorrhea culture and, if 
indicated, appropriate tests for other forms of venereal disease. The physician should 
determine that the patient is not pregnant. 

{b) The uterus should be carefully sounded prior to insertion to determine the degree of 
patency of the endocervical canal and internal os, and the direction and depth of the uterine 


















cavity. Exercise care to avoid perforation with the sound. DO NOT USE THE INSERTION 
INSTRUMENT AS A SOUND. In &ccasional cases. severe cervical stenosis may be | 
encountered. Do not use excessive ferce to overcome this resistance. . et 
(c) The uterus usually sounds to a depth of 6 to 8 cm. Insertion into a uterine cavity — 
measuring less than 6.5 cm. by sounding may increase the incidence of pain. bleeding. 
partial or complete expulsion. perforation. and possibly pregnancy, . 
(d) To reduce the possibility of insertion in the presence of existing undetermined — 
pregnancy, the optimal time for insertion is the latter part of the menstrual flow or one or two 
days thereafter. The Cu-7 or Tatum-T should not be inserted post partum or post abortion until. : 
involution of the uterus is complete. The incidence of perforation and expulsion is greater if 
involution is not compiete. l 7 ae 
itis. however, necessary to place the Cu-7 or Tatum-Tas high as possible within the uterine > 
cavity to help avoid partial or complete expulsion that could result in pregnancy, = 
Physicians are cautioned that it is imperative for them to become thoroughly familiar with 
the instructions for use before attempting placement of the Cu-7 or Tatum-T. = 
(e) UDs should be used with caution in those patients who have anemia or a history 0 
menorshagia or hypermenorrhea. Patients experiencing menorrhagia and/or metrorrhagia 
following IUD insertion may be at risk for the development of hypochromic microcylc 
anemia. Also, IUDs should be used with caution in patients receiving anticoagulants or 
having a coagulopathy. | 
(f) Syncope, bradycardia or other neurovascular episodes may occur during insertion oF. 
removal of IUDs, especially in patients with a previous disposition to these conditions. =: 
(g) Patients with valvular or congenital heart disease are more prone to develop subacute = 
bacterial endocarditis than patients who do not have such disease. Use of an IUD in these | 
patients may represent a potential source of septic emboli. oe 
(h) Use of an 1UD in patients. with acute cervicitis should be postponed unt proper 3i 
treatment has cleared up the infection ie 
(t) Since the Cu-7 or Tatum-T may be partially or completely expelled. patients should be `; 
reexamined and evaluated shortly after the first postinsertion menses. but definitely within i 
three months after insertion. Thereafter annual examination with appropriate medical and 
laboratory evaluation should be carried out. The Cu-7 or Tatum-T should be replaced every. | 
three years. nee 
{j) The patient should be told that some bieeding or cramping may occur during the firstfew oc: 
weeks after insertion. but if these symptoms continue or are severe she should reportthemta . 
her physician. She should be instructed on how to check after each menstrual period to make. 
certain that the thread still protrudes from the cervix and cautioned that there is noo 
contraceptive protection if the Cu-7 or Tatum-T has been expelled She should also becos 
cautioned not to dislodge the Cu-7 or Tatum-T by pulling an the thread. if a partial expulsion 
occurs, removal is indicated and a new Cu-/ or Tatum-T may be inserted The patient should > 
Ae told to return within three years for removal of the Cu-7 or Tatum-T and for replacement if . 
esired. RE 
ik} A copper-induced urticaria! allergic skin reaction may develop in women usinga oo. 
copper-containing IUD. Ifsymptoms of such an allergic response occur. the patient should be 
instructed to teli the consulting physician that a copper-containing device is being used sty 
(ly The Cu-7 or Tatum-T should be removed for the following medical reasons: menorrhagia = 
and/or metrorrhagia producing significant anemia: uncontrolled pelvic infection: intractable’. 
pain often aggravated by intercourse, dyspareunia: pregnancy, if the thread is visible: 0 | 
endometrial or cervical malignancy, uterine or cervical perforation: or any indication of partial < 
expulsion, Sw 
_ (m) If the retrieval thread cannot be seen it may have retracted into the uterus or have beens. 
brokan off. or the Cu-7 or Tatum-T may have been expelled Localization usually can be made’ << 
by feeling with a probe: if not, x-ray or sonography can be used. When the physician elegis tooo 
recover a Cu-? or Tatum-T with the thread not visible. the removal instructions should be” 
considered. ere: 
in) lf any patient with a Cu-7 or Tatum-T suddenly develops overt clinical hepatitis or 
abnormal liver function tests. appropriate diagnostic procedures shouid be initiated. ee 


Adverse Reactions: Perforations of uterus and cervix have occurred. Perforation into the - 
abdomen has been followed by abdominal adhesions. intestinal penetration, intestinal’ co. 
obstruction, local inflammatory reaction with abscess formation and erosion of adjacent: < 
viscera. Pregnancy has occurred with the Cu-?7 or Tatum-T in situ and when either has beens 
parnally or completely expelled. Sas 

Fhe incidence of spontaneous abortion. when conception occurs with intrauterine devices 
ins#u, appears to be increased over that in unprotected women. Insertion cramping. usually 
ofno more than a few seconds duration, may occur, however, some women may experience =. 
residual cramping for several hours or even days. intermenstrual spotting or bleeding or =. 
profonged or increased menstrual flow may occur. 

Pelvic infection including Serta with tubal damage or occlusion has been reported. G 
This may result in future infertility. Complete or partial expulsion of the Cu-7 or Tatum-T may 
sometimes occur, particularly in those patients with uteri measuring less than 6.5 cm. by 
sounding. Urticarial allergic skin reaction may occur. The following complaints have also 
been reported with IUDs although their relation to the Cu-7 or Tatum-T has not been 
established: amenorrhea or delayed menses, backaches, cervical erosion, cystic massesin = 
the pelvis, vaginitis, leg pain or soreness, weight joss or gain. nervousness, dyspareunia, 
cystitis, endometritis, septic abcrtion, septicemia, leukorrhea, ectopic pregnancy. difficult - 
removal, uterine enbedment. anemia. pain. neurovascular episodes including bradycardia © 
anc syncope secondary to insertion, dysmenorrhea, and fragmentation of the IUD. 


Clinical Efficacy: in clinical trials, use effectiveness was determined as follows for parous = 
and nulliparous women, as tabulated by the life table method. (Rates are expressed as -3 
cumulative events per 100 women through 12, 24, and 36 months of use. e 

Cu-7 experience encompasses 387.131 woman-months of use. including 12 months for ~~ 
11.517 women, 24 months for 7 895. and 36 months for 3,661. te 

Tatum-T experience encompasses 236.060 woman-months of use in the United States => 
a ae including 12 months for 8,232 women, 24 months for 4.247, and 36 months 
ord, . 
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12 Months | 24 Months 36 Months 
iad Parous Nulliparous Parous Nulliparous Parous Nulliparous ~ 
SUNS Ye 8 Ra Oe e 49 45 60 58 
Please see complete product labeling for additional informati 
removal instructions. ; 
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Trichomonas 





| of 
Triple target therapy for infectious vaginitis 


__, BETADINE _ 
Microbicides Vaginitis Regimen 


m Broad-spectrum microbicidal action kills all three pathogens usually 
responsible for infectious vaginitis—monilia, Trichomonas and 
Haemophilus vaginalis. 

m Microbicidal action is maintained in the presence of blood, serum and 
vaginal secretions. 

m Virtually nonirritating to skin and vaginal mucosa—nonstaining to 
skin and natural fabrics. 





MASERNAL- 
FETAL MEDICINE 


. The Department of Obstetrics and Gynecology ` 
of the Baystate Medical Center in Springfield, 

° Massachusetts is seeking a full time Director for 

its Perinatal program. There are 5,000 in-house 
deliveries as well as 5,000 deliveries in 7 affiliated 
hospitals for this Perinatal system. The Depart 
ment is affiliated with both Tufts and the Uni | 
versity of Massachusetts Schools of Medicine. 
The Department has 40 community based Ob- 





Easy-to-follow regimen stetricians-Gynecologists, 16 residents, and 4 _ 
IN THE OFFICE additional full time faculty. The candidate must 
‘BETADINE: Soluti be board eligible in Maternal-Fetal Medicine. 

ion Salary and academic rank are commensurate 
AT HOME with training and experience. 


Those interested please send CV to: 


BETADINE” Vaginal Gel’ 


(povidone-iodine} 
BETADINE” Douche 


w inthe office, swab the cervix and 
vulvovaginal area with BETADINE 
Solution. 


u Prescribe BETADINE Vaginal Gel 
(povidone-iodine), one applicatorful 
of which is to be inserted each 
night. 


u Followed the next morning by 
BETADINE Douche in 
therapeutic concentration— 
2 tablespoonfuils to a quart of 
lukewarm water. 


mw After two weeks 
-Patient returns for an office visit. 
-in more resistant cases, the 
regimen may be continued through 
1 or 2 cycles, if necessary. 


x ri ® J 

‘BETADINE’ Vaginal Gel 
(povidone-~iodine} 

- Brief Summary 

For use in the treatment of Trichomonas 
vaginalis vaginitis, monilial vaginitis and 

nonspecific vaginitis. 





Based on a review of this drug by the 
National Academy of Sciences-—Nationai 
Research Council and/or other informa- 
tion, FDA has classified the indications as 
follows: possibly effective for use in the 
management of trichomonas vaginalis 
- yaginitis, monilial vaginitis and non- 
specific vaginitis. Final classification of 
the less-than-effactive indications requires 
| further investigation. 


-Preeaution 
if irritation, edness or swelling develops, 
discontinue use. The rare individual with history 
of iodine sensitization should not use this 
product, pending further investigation. 











_ Purdue Frederick 


- #1980, The Purdue Frederick Company/Norwalk, CT 06856 
218680 A716 





Laurence E. Lundy, M.D. 
Chairman 

Department of OB-GYN 
Baystate Medical Center 

759 Chestnut Street 

Springfield, Massachusetts 01107 


An Equal Opportunity Employer M/F/H 





The Cook County Graduate 
School of Medicine 


announces 
Specialty Review In 
OBSTETRICS AND 
GYNECOLOGY 
March 30 - April 4, 1981 
A.M.A. Category I Credit: 44 Hours 


For registration or further information: 


The Cook County Graduate School 
of Medicine . 
707 South Wood Street 
Chicago, Illinois 60612 
(312) 733-2800 





Cardiotocograp 
for maximum informatio 
in gynecologic diagnostic 
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Clinical opinion 
Consideration of blood loss at delivery as percentage of estimated blood volume | 1117 


George H. Nelson, M.D., Ph.D. 


Augusta, Georgia 
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NOW AVAILABLE! 
“fen-year'cumulative index to the | 
AMERICAN JOURNAL OF “9 
OBSTETRICS AND peal 


The ten-year cumulative author and 
subject index to volumes 100-129 
(1968-1977) of the AMERICAN 
JOURNAL OF OBSTETRICS AND 
GYNECOLOGY is now available for 
your journal collection. It is a complete 
and comprehensive reference guide to 
over 28,000 pages of authoritative 
articles published in the Journal 
during this ten year period. 


The world-renowned “Gray 
Journal” is the oldest specialty journal 
devoted to obstetrics and gynecology. 


Now these influential papers, 
appearing between 1968-1977, have 
been cross-referenced to include 
over 23,100 subject entries. Each 
entry lists the complete article title, 
author(s), volume, page, and year of 
publication. 





The author index lists more than 13,850 contributors from this period, 
along with respective article title, author-to-author referral, volume, page, 
and publication date. 


The 479-page index is handsomely presented in a rust and gold cloth- 
cover volume. It is a must for every library concerned with obstetrics and 
gynecology. Send for your copy of this valuable reference today! 


479 pages, 8'14”x11”, Price: U.S.A. $34.75 IVI OS BY 


Canada $44.00, All other countries $36.50 
TIMES MIRROR 
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Send me_____copies of the Ten-year Cumulative Index (1968-1977) to the 
Yes! I AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY (0126-6). 





j Price: U.S.A. $34.75, Canada $44.00, All other countries $36.50. i 
i O My payment for $ is enclosed. (I understand Mosby will pay ship- j 
ping costs.) 

a AVAILABLE i Q Bill me later. (I understand handling and shipping charges will be added.) j 
FOR | Name 4 l i AEREE E O een f i 
IMMEDIATE rp f 

ess 
DELIVERY t i 
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Complete and mail today to The C. V. Mosby Company, Attn: Order Process- i | 
ing Dept., 11830 Westline Industrial Drive. St. Louis, Mo. 63141 $ 
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Gynecology 


Benign cystic teratomas in postmenopausal women 1120 
Alan Gordon, M.D., Neil Rosenshein, M.D., Tim Parmley, M.D., and Belur Bhagavan, M.D. 


Baltimore, Maryland 


Second-look operations in ovarian cancer 1124 


Peter E. Schwartz, M.D., and Julian P. Smith, M.D. 
New Haven, Connecticut, and Detroit, Michigan 


Progestogen-dependent endometrial protein in women: Tissue concentration in 1131 
relation to developmental stage and to serum hormone levels 

S. G. Joshi, E. S. Henriques, R. A. Smith, and D. H. Szarowski 

Albany, New York 





Plasma estriol and its conjugates following oral and vaginal adminstration of 1137 
estriol to postmenopausal women: Correlations with gonadotropin levels 

Isaac Schiff, Dan Tulchinsky, Kenneth J. Ryan, Susan Kadner, and Mortimer Levitz 

Boston, Massachusetts, and New York, New York 


Comparative evaluation of two methods of natural family planning in Colombia 1142 


Jorge E. Medina, M.D., Armando Cifuentes, M.D.. James R. Abernathy, Ph.D., J. M. Spieler, 
and Maclyn E. Wade, M.D. 
Bogota, Colombia 


Early primary diagnosis of ovarian cancer and detection of recurrence by serum 1148 
cystine aminopeptidase assay 


Dimitre Kalinkov and Rudolph Buchholz 
Marburg, West Germany 


Estradiol implants for conception control 1151 


Camran Nezhat, M.D., Anthony E. Karpas, M.D., Robert B. Greenblatt, M.D., and 
Virendra B. Mahesh, Ph.D., D.Phil. 


Augusta, Georgia 


Obstetrics 


Perinatal transport to a regional perinatal center in a metropolitan area: Maternal 1157 
versus neonatal transport 

Houchang D. Modanlou, M.D., Wendy Dorchester, B.S., Roger K. Freeman, M.D., and 

Catherine Rommal, R.N.C. 

Long Beach, California 
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An authoritative professional journal devoted exclu- 
sively to the clinical and continuing education needs 
of the dermatologic community, including those 
family practitioners, pediatricians, and internists 
who are concerned with clinical manifestations of 
skin disease in their practice. 


SOCIETY AFFILIATION 

The Journal serves as the official publication of the 
5.000 member American Academy of Dermatol- 
ogy, the largest and most influential society in the 
specialty. 


COMPREHENSIVE EDITORIAL 

COVERAGE 

Included within the 110 English text pages published 

monthly are original scientific contributions describ- 

ing basic research and laboratory and clinical 
studies. Other sections include: 

e Continuing Medical Education (CME) articles 
based on the Core Curriculum of Clinical Der- 
matology developed by the American Academy 
of Dermatology 


e Clinical review articles 

e Therapy articles 

e Clinical and laboratory studies 

e Gross and microscopic symposium 


e Editorials, Commentary, Meeting reports, Re- 
ports from other fields, Book reviews, Academy 
bulletin 


EDITOR 

J. Graham Smith, Jr., M.D., Professor of Derma- 
tology and Medicine, and Chairman, Department of 
Dermatology, Medical College of Georgia, Augusta, 
Georgia. 






JOURNAL of the 


The JOURNAL OF THE AMERICAN ACADEMY 
OF DERMATOLOGY meets the needs of over 
7.200 worldwide subscribers. You will find a sub- 
scription to the Journal to be your single most 
important reference to the latest advances occur- 
ring in the field of dermatology. Order your sub- 
scription today! 














1981 Subscription Insti- Indi- Student, 
Rates tution vidual Resident 
U.S.A. $48.00 $29.00 $22.00 
All Foreign Countries $63.25 $44.25 $37.25 





(Student and Resident subscribers must submit 
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Jay B. Brodsky, M.D., Ellis N. Cohen, M.D., Byron W. Brown, Jr.. Ph.D.. 
Marion L, Wu, M.S., and Charles Whitcher, M.D. 


Stanford, California 





Evidence that fetai membranes are not involved in cortisol metabolism: Study of 1168 
dichorionic twin pregnancies 

A. López Bernal, A. B. M. Anderson, D. M. Parry, and A. C. Turnbull 
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Diagnosis of fetal death in utero with amniotic fluid creatine kinase 1173 


Laurence E. Stempel, M.D., and John A. Lott, Ph.D. 
Columbus, Ohio 


Distribution of cardiac output in the unstressed pregnant guinea pig 1177 


Louis L, H. Peeters, Gerrie Grutters, and Chester B. Martin, Jr. 


Nijmegen, The Netherlands 


Fetus, placenta, and newborn 





4 Relation of maternal cigarette smoking, obesity, and energy consumption to 1185 
infant size 
J. C. Haworth, Judith J. Ellestad-Sayed, Jean King, and Louise A. Dilling 
Winnipeg, Manitoba, Canada 


The effect of fetai heart rate on cardiovascular function during hypoxemia 1190 
Herbert E. Cohn, M.D., George J. Piasecki, M.S., and Benjamin T. Jackson, M.D. 
Boston, Massachusetts 


Ultrasound-facilitated intrauterine transfusions 1200 
David Acker, M.D., Fredric D. Frigoletto, M.D., Jason C. Birnholz, M.D., 

Irving Umansky., M.D., Mark Phillippe, M.D., Harris J. Finberg, M.D., and Marcus 

Lieberman, Ph.D. 


Boston, Massachusetts 


Interrelationships of human chorionic gonadotropin, human placental lactogen, 1205 
and pregnancy-specific 2i-glycoprotein throughout normal human gestation 

Glenn D. Braunstein, M.D., Joan L. Rasor, M.S., Eva Engvall, M.D., and 

Maclyn E. Wade, M.D. 


Los Angeles and La Jolla, California 


Pure fetal blood from the umbilical cord obtained at fetoscopy: Experience with 1214 
125 consecutive cases | 
[. Z. MacKenzie, M.R.C.O.G., and D. A. Maclean, M.R.C.O.G. N x 
* ~~ Oxford, England n 
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"N. _ IMMEDIATE OPENING 


Small, prepaid group practice located in Salem, Oregon, is 
seeking one obstetrician- gynecologist for immediate opening. The 
group is currently comprised of four family practitioners who pro- 
vide a full range of medical services, including obstetrics. Rapid ex- 
pansion is anticipated, with the addition of a second obstetrician- 
gynecologist expected by 1983. 
| The clinic is a satellite of the Kaiser-Permanente Medical Care 
Program located in the Portland-Vancouver area, 40 miles north of 
Salem. The 27-member Department of Obstetrics and Gynecology in 
Portland will assist with call and vacation coverage for practitioners 
located in the Salem clinic. The medical practice is varied and profes- 
sionally stimulating, offering the physician a pure practice free of 
business and administrative concerns. A comprehensive salary and 
benefits package, including a sabbatical program, malpractice 
coverage, three weeks vacation and one week educational! leave to 
start, life, medical/dental and disability insurance, and two excellent 
retirement programs, is provided. The physician is eligible for 
ownership participation after two years with the program. 

Salem, the capital of Oregon, has approximately 100,000 
people and is located in a stable, prosperous economic region of the 
beautiful Northwest. Outdoor recreational facilities are superb, in- 
cluding excellent skiing, backpacking, fishing and boating. 

Please sent two (2) copies of your curriculum vitae with 
your initial response to: 


Marvin Q. Goldberg, M.D. 
President, Northwest Permanente, P.C. 
1500 S.W. First Avenue, Eleventh Floor 
Portland, Oregon, 97201, 


An Equal Opportunity Employer 


NORTHWEST 


Permanente 

pcipxysicianS GROUP PRACTICE OPPORTUNITIES 

a SURGEONS Pacific Northwest 
Rapid membership growth has created an immediate opening in the 
Department of Obstetrics/ Gynecology of Northwest Permanente, P.C. in 
Portland, Oregon. We are seeking obstetrician/ gynecologists to join an 
active service with over 3,900 annual deliveries, a high risk intensive care 


“F| nursery and complete fetal monitoring equipment. 


Nortwhest Permanente, P.C. is a professional medical corporation which 


| provides health care services to the 235.000 members of the Kaiser Foun- 


dation Health Plan of Oregon. Through its association with Kaiser Founga- 


| tion Health Plan, a federally qualified HMO, Northwest Permanente, P.C. 


operates nine outpatient clinics and two full service hospitals. 


The medical practice is varied and professionally stimulating offering the 
physician a pure practice free of business and administrative concerns. A 
comprehensive salary and benefits package including a sabbatical pro- 
gram, malpractice coverage, three weeks vacation and one week educa- 


3 | tional leave to start, life, medical/ dental and disability insurance along 
~~] | with two excellent retirement programs is provided. The physician is eligi- 
| ble for ownership participation after two years. 

< F Portland. Oregon. on the Columbia and Willamette Rivers. is a city with a 


i || moderate climate located in a stabe, prosperous economic region of the 
| beautiful Northwest. Outdoor recreational facilities are superb and include 


| excellent skiing, backpacking. fishing and boating opportunities. The En- 
vironmental Protection Agency, in a recent study, selected Portland as the 


|| mpost livable city”’ in the United States. 


Please send two (2) copies of a curriculum vitae with your initial response 


“Hl to Marvin P. Goldberg, M.D. President, Northwest Permanente, P.C.. 


1500 S.W. ist Avenue, 11th Floor, Portland, Oregon, 97291. 


NORTHWEST PERMANENTE, P.C. — 
PHYSICIANS & SURGEONS 


An Equal Opportunity Employer 








CLINICAL 
BIOSTATISTICS: 


here’s why 


you'll benefit -. — 


from this book 


è authoritative articles from 
Clinical Pharmacology_and 
Therapeutics 

e clear and easy-to-read explana- 
tions of essential statistical 
concepts 


è provocative insights into the 
common sense and science 
behind statistical data 


CLINICAL BIOSTATISTICS 


This unique book critically examines the entire 
field of clinical biostatistics. It presents a series of 
original articles that first appeared over a five year 
period in Clinical Pharmacology and Therapeutics. 
Widespread reader acclaim and the timeliness of the 
subject prompted publication of the essays into con- 
venient book form. 

The essays are logically arranged into 29 
chapters and organized into five major sections, 
each preceded by brief commentary written 
especially for the book, You'll find informative 
discussions on the diverse statistical techniques 
used in medical practice and research; research 
and design problems; presentation of data; and 
methods of data analysis. Dr. Feinstein has 
reorganized his original articles to provide you 
with a completely current guide to the biosta- 
tistics used in both clinical and investigative 
situations. He also offers valuable insights into 
topics either totally neglected or inadequately 
covered in conventional texts. Throughout, dis- 
cussions are written in lively prose style, which 
makes the subject both interesting to read and 
easy-to-understand. Why not benefit from Dr. 
Feinstein’s expert guidance firsthand—order 
your copy of CLINICAL BIOSTATISTICS today! 


By Alvan R. Feinstein, MD. 1977, 468 pages 
plus FM LXIV. 67/8" x 70°, 10 iHustrations. Price, 
$21.50 


ORDER BY PHONE! 
Call toll free (800) 325-4177 ext. 10. In Missouri call 
collect—(3 14} 872-8370 ext. 10 during normal busi- 
ness hours. AB0794 
Price effective in U.S.A. only. 


MOSBY 
TIMES MIRROR 
THE C V MOSSY COMPANY 


11830 WESTLINE INDUSTRIAL DRIVE 
ST LOLS MISSOURI 634141 
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Communications in brief 


Group B streptococcus and puerperal sepsis 
Sebastian Faro, Ph.D., M.D. 


New Orleans, Loutsiana 


Modified technique for monitoring fetal heart rate during intrauterine transfusion 


Barry $. Schifrin, M.D., and Lawrence D. Platt, M.D. 
Los Angeles, Califernia 


A study of ovarian cancer patients using a radioimmunoassay for human ovarian 
tumor~associated antigen OCA 
Suzanne Knauf and Gerald I. Urbach, M.D. 


Toronto, Ontario, Canada 


Uterine rupture at term with vaginal prostaglandin E2 


Guillermo Valenzuela, M.D., Robert H. Hayashi, M.D., Richard M. Lackritz, M.D., and 
Olive M. Soriero, M.D., Ph.D. 


San Antonio, Texas 


A prolapsed umbilical cord into the abdominal cavity in a woman with a previous 
cesarean section 

Roger Lenke, M.D., and Terre Osterkamp, M.D. 

Los Angeles, California 


Severe hypokalemia and acidosis: A potential complication of beta-adrenergic 
treatment 


Thomas L. Gross, M.D., and Robert J. Sokol, M.D. 
Cleveland, Ohio 


Tularemia immunization in early pregnancy 

Richard C. Albrecht, Lieutenant, MC, USN, Robert C. Cefalo, M.D., Ph.D., and 
William F. O’Brien, Lieutenant Commander, MC, USN 

Chapel Hill, North Carolina, and Bethesda, Maryland 


Endometrial changes after administration of gossypol for menorrhagia 
Cheng Kuo-Fen, Wu Wei-Yu, Tang Min-Yi, and Chu Peng-Ti 
Peking, China 


The Trendelenburg position for obstetric ultrasound 


Lyndon M. Hill, M.D., and Robert Breckle. R.T., R.D.M.S. 
Rochester, Minnesota 
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. DALAS 


Continued growth in the Kaiser/Pruden- 
tial Health Plan membership has created 
opportunities for Board eligible/certified 
physicians in: Obstetrics/Gynecology., 
General Surgery, Internal Medicine, Car- 
diology, Family Practice, Allergy, Pediat- 
rics. Members of the Permanente Medical 
Association of Texas (PMAT) provide 
comprehensive outpatient and inpatient 
care for Health Plan members. Incomes 
are competitive and there is a compre- 
hensive fringe benefit package including 
an incentive income program after two 
years with the Medical Group. 


This is a fine opportunity for qualified 
physicians to combine an active medical 
career free of administrative concerns 
with the pleasures of living in a prosperous 
city of the Southwest. 


Send curriculum vitae to: 
Paul Lairson, M.D. 
The Permanente Medical Association 
of Texas 
7777 Forest Lane — Suite 2444 
Dallas, TX 75230 





‘The Department of Obstetrics and Gynecology 


of the New York Hospital— Cornell University 
Medical Center is expanding its program and is 
actively seeking fulltime faculty members for 
the following positions: 


1) Maternal-fetal medicine 

2) Reproductive endocrinology and infertility 
3) Gynecologic oncology 

4) General gynecology and obstetrics 


Applicants must be Board-eligible or certified 
in obstetrics and gynecology with Board- 
certification or qualification in their subspe- 
cialty. Academic rank and salary dependent 
upon qualifications. 


Interested candidates please send curriculum 


vitae to: 


William J. Ledger M.D. 
Professor and Chairman 
Department of Obstetrics and Gynecology 
New York Hospital — 
Cornell University Medical Center 
525 East 68th Street 
New York, New York 10021 


NYH-CUMC is an Affirmative Action Equal Opportunity Employer 
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PERSONALIZED 
LIBRARY CASES 


Keep your personal copies of AMERICAN 
JOURNAL OF OBSTETRICS AND 
GYNECOLOGY in these specially designed 
library file cases.. Designed to keep your 
journal copies near at hand in your office, 
library, or home. 

Your case is heavy bookbinder’s board in 
a rich red Kivar cover. Files are scuff- 
resistant and washable. 

Lettering is stamped in gold leaf and the 
cases make a fit companion for the most 
costly binding. 

Files are reasonably priced—only $5.95 
each, postpaid (3 for $17., 6 for $30.). 

Add $2.50 postage per case for orders 
outside U. S. Prepayment must be in U. 
S. funds only. Satisfaction unconditionally 
guaranteed or your money back! Use the 
coupon for prompt shipment. 


mnte ma Aie i ny mmm y A A E mere type MANS HAS meme atin m ae NA, aa amin ataa 


Tesse Jones Box Corporation (est. 1843) 

P, O, Box 5120 

Philadelphia, Pa. 19141 

Please send me, postpaid —.. library cases for 


AMERICAN JOURNAL OF OBSTETRICS AND 
GYNECOLOGY at $5.95 each (3/$17., 6/$30.) 


[] NEW SIZE (844”" x 11°) 3 cases/year 
f] OLD SIZE (744" x 1042”) copies prior to 1975 
(2 cases/year) 


Kame ceea ne ao ee ae 
Address hits ei deh oe Sa ae Soe em 
City State VA o pe 
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Correction of article by Sehgal and Hitt, entitled “Plasma volume expansion in 1235 
the treatment of pre-eclampsia” . 

Correction of article by Porreco, Merritt, and Gluck, entitled 1235 
“Effect of prolactin on phospholipid biosynthesis by alveolar cell carcinoma 

(A-549) in monolayer tissue culture” 
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Information for authors on page 21 
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- FELLOWSHIP 
IN REPRODUCTIVE 
ENDOCRINOLOGY 


The Division of Reproductive Endocrinol- 
ogy at the State University of New York, 
Downstate Medical Center, invites applica- 
tions for Fellowship. This is an accredited 
two year program and full-time divisional 
faculty include 4 specialists in Reproductive 
Endocrinology and Infertility and one Ph.D. 


Please send a curriculum vitae and other 
information to: 


F.I. Reyes, M.D., FRCS(C) 

Professor and Director 

Division of Reproductive Endocrinology 
SUNY Downstate Medical Center 

(Box 24) 

450 Clarkson Avenue 

Brooklyn, New York 11203 


UNIVERSITY OF MISSISSIPPI 
MEDICAL CENTER 
MATERNAL-FETAL MEDICINE 


Positions Available For: 
Attending Staff Physician and in 
Accredited Fellowship Program 


Attending Staff Position: Applicants must be eligible or certified 
by the American Board of Obstetrics and Gynecology. The candi- 
date should be interested in teaching, clinical obstetrics. region- 


=o alization and be research oriented. Completion of a fellowship in 


Maternai-Fetal Medicine from an approved program is desirable. 
Maternal-Fetal Medicine Fellowship: Positions in this accredited 


= fellowship program are available beginning July 1, 1981. The 


1 program involves a two year commitment in care of high risk 


< patients, clinical / basic research, and organizational areas of per- 


|. inatology. The University of Mississippi Medical Center serves as 
| the regional center for maternal transport for the entire state as 
=: well as having an active obstetric service in excess of 4300 deliv- 


a eres annually. Active research personne! and support facilities 
< are available in obstetric endocrinology, infectious disease. cyto- 
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genetics, and medical complications of pregnancy. Applicant 
must be eligible for or certified by the American Board of Obstet- 


| rics and Gynecology. 


Interested candidates for either position should send a curriculum 
vitde to: 

John C. Morrison, M.D. 

Director. Division of Maternal-Fetal Medicine 

Department of Obstetrics and Gynecology 

University of Mississippi Medical Center 

2500 North State Street 

Jackson, MS 39216 
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Motrin ivuproten) 


effective relief 
of mild to moderate . 
menstrual pain... . 


Motrin” Tablets (ibuprofen, Upjohn) 
indications and Usage: Relief of mild to moderate pain. 


Treatment of signs and symptoms of rheumatoid arthritis and osteoarthritis during 
acute flares and in long-term management. Safety and efficacy have not been estab- 
lished in Functional Class iV rheumatoid arthritis. 


Contraindications: individua's hypersensitive to it, or with the syndrome of nasal 
polyps, angioedema, and bronchospastic reactivity to aspirin or other nonsteroidal 
anti-inflammatory agents (see WARNINGS). 


Warnings: Anaphyiactoid reactions have occurred in patients with aspirin hypersen- 
sitivity isee CONTRAINDICATIONS). 

Peptic ulceration and gastrointestinal bleeding, sometimes severe, have been 
reported. Ulceration, perforation, and bleeding may end fatally. An association has not 
been established. Motrin should be given under close supervision to patients with a 
history of upper gastrointestinal tract disease, only after consulting ADVERSE 
REACTIONS. 

In patients with active peptic ulcer and active rheumatoid arthritis, nonulcerogenic 
drugs, such as gold, should be tried. If Motrin must be given, the patient should be under 
close supervision for signs of ulcer perforation or gastrointestinal bleeding. 


Precautions: Blurred and/or diminished vision, scotomata, and/or changes in color 
vision have been reported. If these develop, discontinue Motrin and the patient should 
have ar ophthalmologic examination, including central visual fields. 

Fluid retention and edema have been associated with Motrin; use with caution in 
patients with a history of cardiac decompensation. 

Motrin can inhibit platelet aggregation and prolong bleeding time. Use with caution in 
persons with intrinsic coagulation defects and those on anticoagulant therapy. 

Patients should report signs or symptoms of gastrointestinal ulceration or bleeding, ` 
blurred vision or other eye symptoms, skin rash, weight gain, or edema. 

To avoid exacerbation of disease or adrenal insufficiency, patients on prolonged 
corticosteroid therapy should have therapy tapered slowly when Motrin is added. 
Drug interactions. Aspirin: Used concomitantly may decrease Motrin blood levels. 
Coumare: Bleeding has been reported in patients taking Motrin and coumarin. 
Pregnancy and nursing mothers: Motrin should not be taken during pregnancy nor by 
nursing mothers. 


Adverse Reactions 

Incidence greater than 1%. 

Gastrointestinal: The most frequent type of adverse reaction occurring with Motrin is 
gastrointestinal (4% to 16%). This includes nausea” epigastric pain? heartburn” 
diarrhea, abdominal distress, nausea and vomiting, indigestion, constipation, abdominal 
crampsor pain, fullness of the Gl tract (bloating and flatulence}. Central Nervous System: 
Dizziness* headache, nervousness. Dermatologic: Rash” (including maculopapular 
type), pruritus. Special Senses: Tinnitus. Metabolic: Decreased appetite, edema, fluid 
retention. Fluid retention generally responds promptly to drug discontinuation (see 
PRECAUTIONS). 

*Incidence 3% to 9%. 

Incidence less than 1 in 100 

Gastrointestinal: Upper Gi ulcer with bleeding and/or perforation, hemorrhage, melena. 
Central Nervous em: Depression, insomnia. Dermatologic: Vesiculobullous erup- 
tions, urticaria, erythema multiforme. Cardiovascular: Congestive heart failure in 
patients with marginal cardiac function, elevated blood pressure. Special Senses: 
Amblyapia (see PRECAUTIONS), Hematologic: Leukopenia, decreased hemoglobin and 
hematocrit. 

Causal relationship unknown 

Gastrointestinal: Hepatitis, jaundice, abnormal liver function. Central Nervous System: 
Paresthesias, hallucinations, dream abnormalities. Dermatologic: Alopecia, Stevens- 
Johnson syndrome. Special Senses: Conjunctivitis, diplopia, optic neuritis. Hematologic: 
Hemolytic anemia, thrombocytopenia, granulocytopenia, bleeding episodes. Allergic: 
Fever, serum sickness, lupus erythematosus syndrome. Endocrine: Gynecomastia, 
hypoglycemia. Cardiovascular: Arrhythmias. Renal: Decreased creatinine clearance, 
polyuria, azotemia. 

etalon a in cases of acute overdosage, the stomach should be emptied. The drug 
is acidic and excreted in the urine, so alkaline diuresis may be beneficial. 

Dosage and Administration: Mild to moderate pain: 400 mg every 4 to 6 hours as 
necessary for relief of pain. 

Rheumatoid arthritis and osteoarthritis, including flares of chronic disease: Suggested yy 
dosage is 300, 400, or 600 mg ti.d. or q.id. : 
Do not exceed 2400 mg per day. 

Caution: Federal law prohibits dispensing without prescription. 
For additional product information, see your Upjohn representative or consult the 
packace insert. s 


. THE UPJOHN COMPANY , 
UCL icaiamazoo, Michigan 49001 USA MEE 
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.Primagravida 
Increased intra-abdominal pressure and expanded blood 
-volume, coupled with decreased physical activity during preg- 
nancy, predispose to varices of the lower extremities. Disten- 
~ tion of vein walls can cause secondary valve incompetence. 


Multipara 


Waricose veins become more severe in subsequent pregnancies and 
may reach the critical stage. Temporary valve incompetence, associated 
with each pregnancy, may lead to permanent lifetime vascular impair- 
ment in varicosities of the lower extremities. 


Venous Pressure Gradient’ Support 


Jobst has custom-engineered thousands of Venous Pres- 
sure Gradient Supports for pregnancy. Why custom-make 
each pantyhose-type support according to measurements 
taken of each individual limb? A few millimeters of counter- 
pressure, too much or too little,can harm already distended 
valves. AVIP™ pregnancy support applies known counter- 
pressure, opposing hydrostatic venous pressure like an ex- 
ternal fascial prosthesis. Fatigue and discomfort are re- 
lieved, and edema is reduced. 


Clinical Proof 


A VIP support, worn during the critical months of 
gestation, may prevent permanent damage to distended 
veins. Thompson reports‘‘We have preferred the Jobst 
stocking in our clinic. An elastic leotard produced by this 
company is particularly useful for varicose veins during 
pregnancy. Most patients are pleasantly surprised by the 
comforting support this garment gives.” 


Reprints and Monograph 


Do you want to receive a collection of clinical reprints 
on varicosities and a full-color, eight-page monograph and 
bibliography describing the physiological fluid dynamics of 
external elastic compression in pregnancy? Fill in the handy 
coupon or write on your letterhead. 
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Jobst, please send me clinical reprints and mono- 
graph on varices of pregnancy. 
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JOBST 80x 653 - TOLEDO -OHIO 43694-USA 
JOBST IRELAND, LTD. * THURLES CQ + TIPPERARY * IRELAND 


PROFESSIONAL ASSISTANCE AVAILABLE IN MAIOR U.S. CITIES AND IN: 
JOBST NEDERLAND B.V. + BURGEMEESTER VAN LEEUWEN@AAN 17. AMSTERDAM + NEDERLAND 


. Fegan G: Varicose Veins—Compression Sclerotherapy. London, Wm 
Heinemann Medical Books Ltd, 1967 


[2 Thompson NW: The diagnosis and treatment of varicose veins. Univ Mich 
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Preparation H and its principal ingredient— Skin 
Respiratory Factor (SRF) have been studied in vitro* 
A group of world renowned wound-healing special- 
ists confirmed that SRF stimulated wound oxygen 
consumption, epithelialization and collagen 








shrink swelling \ synthesis. 
hemorrhoidaiammatiog \ The unique Preparation H formula temporarily 
Gnd gwes rOy \ relieves pain and itching in many cases and actually 
rary trom pain ans \ helps shrink swollen hemorrhoidal tissue due to 
tening" orent | inflammation. All without anesthetics or steroids. 
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PREPARATION H® 
Clinically tested. 
Available in ointment and suppositories. r-------------------------------- 











Whitehall Laboratories, 685 Third Avenue, 
New York, New York 10017 
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PREPARATION H ACTIVE INGREDIENTS: | Please send 
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- OB-GYN 


OB-GYN—To join 20 physician 
multi-specialty group in new 
facilities, including two Ob-Gyn, in 
North Central Wisconsin. Excellent, 
level Il accredited, Catholic hospital 
next door. Malpractice insurance 
provided. Compensation and cor- 
porate fringe benefits fully com- 
petitive. University affiliation. 
Drawing area: 55,000 population. 
Junior college town of 20,000 in 
year round recreation area, ex- 
cellent schools, shopping and air 
services. Send curriculum vitae and 
correspondence to: 

Gerald C. Larson 

Assistant Administrator 

W.S. Bump Medical Group, S.C. 

1020 Kabel Avenue 

Rhinelander, WI 54501 


FULL-TIME FACULTY 
POSITION AVAILABLE 


The Department of Obstetrics, Gynecology and 
Reproductive Sciences of the University of Califor- 
nia, San Francisco, is seeking a faculty member at 
the Assistant Professor level with interests and skills 
in the following areas: 


1. Clinical obstetric and gynecology practice; 

2. Teaching in both inpatient and outpatient 
services; 

3. Expertise in adolescent medicine and/or public 
health. 


Teaching and clinical practice are emphasized. 
Those interested should send their curriculum vitae 
and bibliography to: 


Donald L. Snyder, M.D. 

Associate Clinical Professor 

Acting Chief, Outpatient Services 

Department of Obstetrics, Gynecology and 
Reproductive Sciences 

University of California, San Francisco 

San Francisco, CA 94143 


The UNIVERSITY OF CALIFORNIA is an equal 
opportunity and affirmative action employer. 








AUTHORS! 
For you... a new book that contains 


virtually everything you want 
to know about $ 


THE SCIENTIFIC JOURNAL: 
EDITORIAL POLICIES .AND 
PRACTICES = 


Guidelines for Editors, Reviewers, 
and Authors 


In 1665 the first scholarly journal was published in 
France. Since that time, there has been no one 
source of editorial guidelines for journal editors. 
This new book now provides you with such a 
source, 


YOU DECIDE YOUR OWN APPROACH! 


Presenting the advantages and disadvantages of 
each specific decision, eminent editors offer you 
various recommendations, discussions, and opin- 
ions concerning the problems you may encounter: 





“Because we are aware that there is no ‘right 
policy on most editorial matters, we have tried 
not to prescribe rules, but have, instead, 
explored various facets of the problems that 
confront the editor in his daily work.” 


The book is divided into two general sections: 
editorial policies, which usually require major 
decisions; and editorial practices, which involve 
minor decisions, often about format or mechanical 
style. You'll find essays exploring: the manuscript 
reviewing system; special types of manuscripts 
(abstracts, transactions, solicited manuscripts, 
book reviews). You'll value chapters which cover: 
information for authors; copyright; errata; refer- 
ences cited; copy-editing; journal cover, etc. 


From “the purpose of scientific journals’ to 
“binding practices,” this new book contains 
virtually everything you want to know as editor, 
reviewer, or author. See for yourself! 

By Lois DeBakey, Ph.D. In collaboration with: Paul F. 
Cranefield, M.D., Ph.D.; Ayodhya P. Gupta, M.D.; Franz 
J. Ingelfinger, M.D.; Robert J. Levine, M.D.; Robert H. 
Moser, M.D.; J. Roger Porter, Ph.D.; and F. Peter 


Woodford, Ph.D. August, 1976. 128 pages, 6” x 9”. 
Price, $12.50. 


Please send me on 30-day approval THE SCIENTIFIC 
JOURNAL: EDITORIAL POLICIES AND PRACTICES. 
Price, $12.50. 


O Bill me [] Master Charge # 
m Payment enclosed 


Name 
Address ene ee a eee 
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Editors 
John I. Brewer, Editor in Chief 
10 North Fairbanks Court, Chicago, Illinois 60611 


Frederick P. Zuspan, Editor 

The Ohio State University, 410 W. 10th Ave., 
olumbus? Ohio 43210 

Information for authors 

Submission of contributions. Manuscripts should in gen- 
eral be sent to a particular Editor according to the following 
plan: If it is from the southeastern quadrant of the United 
States or from Canada, or if it has been presented before one 
of the official sponsoring societies, to Dr. Brewer; if from the 
northeastern quadrant (including Ohio), or if it is a Clinical 
Opinion or a Letter to the Editors, to Dr. Zuspan; if from the 
north central states, any of the United States west of the Mis- 
sissippi, Hawaii, Alaska, or abroad, to Dr. Quilligan. 

Most of the provisions of the Copyright Act of 1976 
became effective on January 1, 1978. Therefore, all manu- 
scripts must be accompanied by the following written state- 
ment, signed by one author: “The undersigned author trans- 
fers all copyright ownership of the manuscript (title of 
article) to The C. V. Mosby Company in the event the work is 
published. The undersigned author warrants that the article 
is original, is not under consideration by another journal, 
and has not been previously published. I sign for and accept 
responsibility for releasing this material on behalf of any 
and all co-authors.” Authors will be consulted, when possi- 
bie, regarding republication of their material. 

All articles published in this JouRNAL must be contributed to 
it exclusively. Articles previously published in another lan- 
guage are not acceptable. 

it is assumed by the Editors that articles emanating from a 
particular institution are submitted with the approval of the 
requisite authority. 

Articles dealing with human experimentation cannot be ac- 
cepted unless the experiment was approved by the author's 
local Human Experimentation Committee. 

Statements and opinions expressed in the articles and 
communications herein are those of the author(s) and not 
necessarily those of the Editor(s) or Publisher and the Edi- 
tor(s) and Publisher disclaim any responsibility or hability for 
such material. Neither the Editor(s) nor the Publisher guaran- 
tee, warrant, or endorse any product or service advertised in 
this publication, nor do they guarantee any claim made by the 
manufacturer of such product or service. 

Manuscripts. Manuscripts should be typewritten on one 
side of the paper only, with double spacing and hberal mar- 
gins. The original and one copy of the manuscript are re- 
quired. References should be placed at the end of the article. 
They should include name of author(s), article title, name of 
periodical, volume, page, and year. Name of periodical should 
conform to that shown in latest List of Journals Indexed in Index 
Medicus. For reference style see current issue of JOURNAL. Au- 
thems are encouraged to limit references to 16, except for 
Communications in Brief, limited to 2, Current Investigation 
and Clinical Opinion, limited to 6, and Current Devel- 
opments, for which there is no limit. Illustrations accompany- 
ing manuscripts should be numbered, provided with suitable 
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E. J. Quilligan, Editor 
University of California, Irvine, Medical Center, 
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* Brief Summary of Prescribing Information. 
NORLESTRIN® 1/50 
{norethindrone acetate and ethinyl estradiol tablets, USP) See section under Special Notes 
on Administration and HOW SUPPLIED. s 


-> 
Each yellow tablet contains: norethindrone acetate (17 aipha-ethinyl-19-nortestosterone 
acetate). 1 mg) ethinyl estradiol (17 alpha-ethinyl-1,3,5(10)-estratriene-3, 17 beta-diol), 50 
mcg. 
DESCRIPTION 
Norlestrin 1/50 Products are progestogen-estrogen combinations. 
INDICATIONS AND USAGE 
Norlestrin 1/50 Products are indicated for the prevention of pregnancy in womer: who elect 
to use orai Contraceptives as a method of contraception. 
in clinical trials with Norlestrin 1/50 involving 25.983 therapy cycles, there was a preg- 
nancy rate of 0.05 per 100 women years. 
Dose-related risk of thromboembolism from oral contraceptives: Studies have shown a 
positive association between the dose of estrogens in oral contraceptives and the risk of 
~ thromboembolism. itis prudent and in keeping with good principles of therapeutics to 
minimize exposure to estrogen. The oral contraceptive preserbed for any given patient 
should be that product which contains the least amount of estrogen that is compatible with 
. an acceptabie pregnancy rate and patient acceptance. 
~ CONTRAINDICATIONS 
1. Thrornbophiebitis or thromboembolic disorders 
2. A past history of deep-vein thrombophlebitis or thromboembolic disorders 
3. Cerebral vascular or coronary artery disease 
4, Known or suspected carcinoma of the breast 
5. Known or suspected estrogen-dependent neoplasia 
6. Undiagnosed abnormal genital bleeding 
-< 7. Known or suspected pregnancy (See WARNING No. 5.) 
_ WARNINGS 


' Cigarette smoking increases the risk of serious cardiovascular side effects 
from oral contraceptive use. This risk increases with sos and with heavy smok- 
ing (15 or more cigarettes per day) and is quite marked in women over 35 years 

of age. Women who use oral contraceptives should be strongly advised not to 

smoke. 

The use of oral contraceptives is associated with increased risk of several serious 
conditions including thromboembolism, stroke, myocardial :nfarction, hepatic 
adenoma. gallniadder disease, and hypertension. Practitioners prescribing oral 
contraceptives should be familiar with the following information relating to these 
risks 


1. Thromboembolic Disorders and Other Vascular Problems: An increased risk of throm- 
boembolic and thrombotic disease associated with the use of oral contraceptives is wel- 
established. Studies have demonstrated an increased risk o! fatal and nonfatal venous 
thromboembolism and stroke, both hemorrhagic and thrombotic. 

Cerebrovascular disorders: in a collaborative study in women with and without predisoos- 
ing Causes. it was estimated that the risk of hemorrhagic streke was 2.0 times greater in 
users than nonusers, and the risk of thrombotic stroke was 4.0 to 9.5 times greater. 
Myocardial infarction: An increased risk of myocardial infarction associated with oral 
contraceptives has been reported confirming a previously suspected association. These 
Studies found that the greater the number of underlying risk factors (cigarette smoking, 
hypertension, hypercholesterolemia, obesity, diabetes, history of preeclamptic toxemia: for 
coronary artery disease, the higher the risk of developing myocardial infarction, regardless 
of whether the patient was an ora! contraceptive user or not. Oral contraceptives. however, 
were found to be a clear additional risk factor. 

it has been estimated that users who do not smoke (smoking is considered a major 
predisposing condition to myocardial infarction) are about twice as likely to have a fatal 
myocardial infarction as nonusers who do not smoke. Oral contraceptive users who are 
smokers have about a fivefold increased risk of fatal infarction compared to users who Co 
not smoke, but about a tenfold to twelvefold increased risk compared to nonusers who do 
not smoke. The amount of smoking is also an important factor. 

Risk of dose: in an analysis of data. British investigators coniuded that the risk of thrompo- 
embolism inciuding coronary thrombosis is directly related to the dose of estrogen used in 
oral contraceptives; however, the quantity of estrogen may not be the sole factor involved. 
Estimate of excess mortality from circulatory diseases: The risk of diseases of the circu- 
latory system is concentrated in older women, in those with a long duration of use, and in 
cigarette smokers. 

A study of available data from a variety of sources concluded that the mortality associated 
with all methods of birth control ts iow and below that associated with childbirth, with the 
exception of oral contraceptives in women aver 40 who smoke. 

The risk of thromboembolic and thrombotic diseases associated with oral contraceptives 
increases with age after approximately age 30 and, for myocardial :nfarction, is further 
increased by hypertension, hypercholesterolemia, obesity. diabetes, or history of 
preeciamptic toxemia, and especially by cigarette smoking. 

The physician and the patient should be alert to the earliest manifestations of thromboem- 
bolic and thrombotic disorders. Should any occur or be suspected, the drug should be 
discontinued immediately. 

A fourfold to sixfold increased risk of postsurgery thromboembolic comptications has 
been reported in users. If feasibie, ora! contraceptives should be discontinued at least four 

_ weeks before surgery of a type associated with an increased risk of thromboembolism or 

prolonged immobilization. 

2. Ocular lesions: Neuro-ocuiar lesions, such as optic neuritis or retinal thrombosis, have 
been associated with the use of oral contraceptives. Discontinue the oral contraceptive +4 

_ there is unexplained sudden or gradual, partial, or complete joss of vision: onset of proptosis 
or diplopia; papilledema; or retinal vascular lesions. 

3. Carcinoma. Long-term continuous administration of estrogen in certain animai species 
increases the frequency of carcinoma of the breast, cervix, vagina, and liver. 

_ in humans, an increased risk of endometrial carcinoma associated with the proiongec 
use of exogenous estrogen in postmenopausal women has been reported. However, there 
is no evidence suggesting increased risk of endometrial cancer in users of conventional 
combination or progestogen-only oral contraceptives. l 

Studies found no evidence of increase in breast cancer in women taking oral contracep- 
tives; however, an excess risk in users with documented benign breast disease was 

reported. 

' There is no confirmed evidence of an increased risk of cancer associated with oral 
contraceptives. Close clinical surveillance of users is, nevertheless. essential. In cases of 
undiagnosed persistent or recurrent abnormal vaginal bleeding. appropriate diagnostic 
measures shouid be taken to rule out malignancy. Women with a strong family history of 
breast cancer, or who have breast nodules, fibrocystic disease, or abnormal mammograms, 
should be monitored with particular care. 

4. Hepatic Tumors. Benign hepatic adenomas have been found to be associated with oral 
contrac®ptives. Because hepatic adenomas may rupture and may cause death through 

sW a-abdominat hemorrhage, they should be considered in women presenting abdominal 
pain and tenderness, abdominal mass, or shock. 

A few cases of hepatocellular carcinoma have been reported in women taking oral contra- 
ceptives. The relationship of these drugs to this type of malignancy is not known at this time. 
5. Usage in or immediately Preceding Pregnancy: Birth Defects in Offspring, ana Malig- 
nancy in Female Offspring: During early pregnancy, female sex hormones may seriously 

damage the offspring. 

An increased risk of congenital anomalies, including heart defects and limb defects. has 
been reported with the use of oral contraceptives in pregnancy. 

There is some evidence that tricloidy and possibly other types of polyploidy are increased 
among abortuses from women who become pregnant soon after ceasing ora! contracep- 
tives. 
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Pregmancy should be ruled out before continuing an oral contraceptive in any patient who 
has missed two consecutive menstrual periods. If the patient has not adhered to the 
scheduie, the possibility of pregnancy should be considered at the time of the first missed 
period, and oral contraceptives should be withheld until pregnancy has been ruled ouf |f 
pregnancy is confirmed, the patient should be apprised of the potential risks to the fetus and 
the advisability of continuation of the pregnancy should be discussed. 

Women who discontinue oral contraceptives with the intent of becoming pregnant shouid 
use an alternate form of contraception for a period of time before attempting to conceive. 

Administration of progestogen-cnly or progestogen-estrogen combinations to induc® 
withdrawal bleeding should not be used as a test of pregnancy. 

6. Gavbladder Disease. Studies repor an increased risk of surgically confirmed gallblad- 
der disease in users of oral contraceptives. * 

7. Ca:bohydrate and Lipid Metabolic Effects: Because decreased glucose tolerance has 
been observed in a significant percentage of patients. prediabetic and diabetic patients 
should be carefully observed while receiving oral contraceptives. . 

An increase in triglycerides and total phospholipids has been observed. a. - 

8. Elevated Blood Fressure: An increase in blood pressure has been reported in patients 
receiving oral Contraceptives. The prevalence in users increases with longer exposure. Age 
is also strongly correlated with development of hypertension, Women who previously have 
had hypertension during pregnancy may be more likely to develop elevation of blocd 
pressure. 

9. Headache: Onset or exacerbation of migraine or development of headache of a new 
pattern which is recurrent. persistent, or severe, requires discontinuation of oral cortracep- 
ives. 

10. Bleeding irregularities. Breakthrough bleeding. spotting, and amenorrhea are frequent 
reasons for patients discont-nuing oral contraceptives. in breakthrough bleeding, nonfunc- 
tional causes should be borne in mind. In undiagnosed abnormal bleeding from the vagina, 
adequaie diagnostic measures are indicated to rule out pregnancy or malignancy. 

Women with a past history of oligomenorrhea or secondary amenorrhea, or young women 
without regular cycles should be advised that they may have a tendency to remain anovula- 
tory or te become amenorrheic after discontinuation of oral contraceptives. 

11. Ectopic Pregnancy: Ectopic as weil as intrauterine pregnancy may occur in contra- 
ceptive ‘ailures. 

12. Breast Feeding: Oral contraceptives may interfere with lactation. Furthermore. a smali 
fraction of the hormonal agents in cral contraceptives has been identified in the milk of 
mothers receiving these drugs. 

PRECAUTIONS 

1. A complete medical and family history should be taken prior to the initiation of cra! 
contraceptives. The pretreatment and periodic physical examinations shouid include spe- 
cial reference to blood pressure, breasts, abdomen. and pelvic organs, including 
Papanicolaou smear and relevant laboratory tests. As a general rule, orai contraceptives 
shouid not be prescribed for longer than one year without another examinat on. 

2. Preaxisting uterine leiomyomata may increase in size. 

3. Patents with a history o psychic depression should be carefully observed and the drug 
discontinued if depression recurs to a serious degree. 

4, Oral contraceptives may cause fluid retention and should be prescribed with caution, 
and only with careful monitoring, in patients with conditions which might be aggravated. 

5. Patients with a past history of jaundice during pregnancy have an increased risk of 
recurrence of jaundice. if jaundice develops, the medication should be discontinued. 

6. Steroid hormones may be poorly metabolized and should be administered with caution 
in patierts with impaired liver function. 

7. Users may have disturbances in normal tryptophan metabolism, which may result in a 
relative pyridoxine deficiency. 

8. Serum folate levels may be depressed. 

9. The pathologist should be advised of oral contraceptive therapy when relevant speci- 
mens are submitted 

10. Certain endocrine and liver function tests and blood components may be affected. 

{a} Increased sulfobromophthalein retention. (b) increased prothrombin and factors VH. 
VHL IX, and X, decreased antithrombin 3; increased norepinephrine-induced platelet 
aggregabilty (c) Increased thyroid-binding globulin (TBG) leading to increased circulating 
total thyroid hormone. (d) Decreased pregnanediol excretion. (e) Reduced response to 
metyrapone test. 

Drug interactions: Reduced efficacy and increased incidence of breakthrough bleeding 
have been associated with concomitant use of rifampin and an association has been 
suggested with barbiturates, phenylbutazone, phenytoin sodium, and ampicillin. 
ADVERSE REACTIONS 

An increased risk of the following serious adverse reactions has been associated with oral 
contraceptives: thrombophlebitis, pulmonary embolism: coronary thrombosis: cerebral 
thrombosis; cerebral hemorrhage; hypertension; galibladder disease: benign hepatomas: 
congenial anomalies. 

There s evidence of an association between the following conditions and the use of oral 
contraceptives, although additional confirmatory studies are needed. mesenteric throm- 
bosis, neuro-ocular lesions, eg, retinal thrombosis and optic neuritis. 

The foilowing adverse reactions have been reported in patients receiving oral contracep- 
tives anc are believed to be drug related: nausea and/or vomiting, usually the most com- 
mon adverse reactions, occur in approximately 10% or less of patients during the first cycle. 
Other reactions, as a genera’ rule, are seen much less frequently or only occasionally: 
gastrointestinal symptoms: breakthrough bleeding: spotting: change in menstrual flow: 
dysmenorrhea; amenorrhea during and after treatment; temporary infertility after discontinu- 
ance of treatment, edema; chloasma or melasma; breast changes; change in weight: 
change im cervical erosion and cervical secretion: possible diminution in laczation when 
given immediately post partum; cholestatic jaundice, migraine; increase in size of uterine 
leiomyomata; rash (allergic). menta! depression; reduced tolerance to carbohydrates; vagi- 
nal cand:diasis; change in corneal curvature: intolerance to contact lenses. 

The folowing adverse reactions have been reported and the association has beer neither 
confirmed nor refuted: premenstrual-like syndrome, cataracts; changes in libido, chorea: 
changes in appetite, cystitistike syndrome; headache; nervousness: dizziness, hirsutism: 
loss of scalp hair: erythema multiforme; erythema nodosum: hemorrhagic eruption; vaginitis: 
porphyria. 

Special Notes on Administration 

Noriestrin [Fe] 1/50 (norethindrone acetate and ethiny! estradiol tablets, USP) and Norlestrin 
[28] 1/50 — Menstruation usually begins two or three days, but may begin as late as the fourth 
or fifth day, after the brown ferrous tumarate or white inert tablets have been started. 

Norlestrin[21}1/50— Menstruatior. usually begins two or three days, but may begin as late 
as the fourth or fifth day, after discontinuing medication. 

After several months on treatment, bleeding may be reduced to a point of virtual absence: 
reduced flow may be a result of medication and not indicative of pregnancy. 

HOW SUPPLIED 

Norlestrim [Fe] 1/50 is availabe in minicompacts each containing 21 yellow tablets and 7 
brown tablets. Each yellow tablet contains | mg of norethindrone acetate and 50 mcg of 
ethiny! estradiol. Each brown tablet conta:ns 75 mg of ferrous fumarate. Availabie in 
packages of five minicompacts and packages of five refills. 

Norles:rin [28] 1/50 is available in minicompacts each containing 21 yellow tablets afd 7 
white inert tablets. Each yellow tablet contains 1 mg of norethindrone acetate and 50 mcg of 
ethinyl estradiol. Available in packages of five minicompacts and in packages of five Tefili 

Noriesirin[21] 1/50 is available in minicompacts each containing 21 yellow tablets, Zach 
yellow tablet contains 1 mg of norethindrone acetate and 50 meg of ethinyl estradiol, Avail- 
able in packages of five minicompacts and packages of five refills. 
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CLINICAL OPINION 


This section reports opinion on the handling of clinical situations, i.e., the clinical 
diagnosis and management of certain disease entities. Papers should range from 
eight to twenty typed pages, including illustrations, tables, and figures which clar- 
ify the author’s:‘ management. References are limited to sixteen citations. Mail to 


Frederick P. Zuspan, M.D., Editor. 





Consideration of blood loss at delivery as percentage 


of estimated blood volume 


GEORGE H. NELSON, M.D., Pu.D. 
Augusta, Georgia 


It is recommended that blood loss at delivery be evaluated in terms of percentage of estimated 
blood volume rather than in terms of volume only. Estimated blcod volume in milliliters per kilogram 


may be calculated by the following formula: 


Blood volume (mi/kg) = 


ae 
0.86 x hematocrit 


x 100. 


Percentage of total blood volume lost at delivery may be calculeted as follows: 


Percentage of total blood volume lost = 


0.036 x estimated blood loss x observed hematocrit 
bocy weight 


it is recommended that postpartum hemorrhage be defined as a loss of blood at delivery of greater 
than 15% of the total estimated blood volume. (AM. J. OBSTET. GYNECOL. 138:1117, 1980.) 


OBSTETRIC RESIDENTS currently record blood loss 
at delivery in milliliters. Also postpartum hemorrhage 
is defined in obstetric textbooks as a loss of a volume of 
blood, be it 500 or 1,000 ml. This concept can be mis- 
leading because a certain blood loss in a patient with a 
large blood volume might be insignificant, whereas the 
same blood loss in a patient with a small blood volume 
might be highly significant. It would seem to be much 
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mecre pertinent to evaluate and record blood loss at 
del:very as a percentage of estimated blood volume. 
Blood volume is composed of two components— 
plasma volume and red blood cell volume. Of these 
twc, estimates of red blood cell volume would appear to 
be much more consistent than estimates of plasma vol- 
ume. In two independent studies (with radioisotope 
techniques) Berlin and associates’ reported a red blood 


cel. volume of 24.7 ml/kg and Gahres and associates? ~, 


reported a value of 24.0 ml/kg. 

Gahres and associates also showed that the mean red 
blood cell volume, expressed as milliliters per kilogram, 
wa: consistent throughout a range of patient weights 
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Table I. Comparison of direct blood volume determinations and estimation by simplified formula 












Determination Observed Blood volume Estimated Perceni 
Patient No. No. hematocrit (ml/kg) (Statzer*) bload volume (ml/kg*) difference ` 
l l 34.7 70 8] +16 
2 36.6 68 76 + Qos 
3 36.6 67 76 +13 
2 l 39.4 7. 71 — § 
2 39.4 80 71 = 
3 l 31.2 9° 90 = af 
2 32.0 99 87 =I 
3 28.2 94 99 +5 
4 l 37.6 77 74 — 4 
2 36.6 7 76 FIs 
3 37.6 3 74 + 1- 
4 37.6 69 74 a g 
5 ] 34.7 76 8l +7 
2 37.6 7” 74 — 4 
3 37.6 75 74 a 
6 I 33.8 8G 82 P3 
2 32.9 8l 85 +5 
7 l 29.1 3 96 +32 
2 29.1 73 96 +32 
*Blood volume (ml/k = 
boa VONIME (MKR) 0.86 x hematocrit ATN: 
Table IT. Consideration of 1,000 ml blood loss in two hypothetizal patients 
No. weight (kg) hematocrit loss at delivery (ml) blood volume lost* hemorrhage 
l 80 30 1,000 13.5 No 
2 50 40 1,000 28.8 Yes 


* Percentage of total blood volume lost = 


from 50 to 190 kg. Therefore, in an effort to estimate 
blood volume at delivery the most reasonable starting 
point would appear to be an assumption of a red blood 
cell volume of 24 ml/kg. In order to convert this value 
to blood volume, the hematocrit must be used. Chesley? 
has shown that the observed hematocrit has two inher- 
ent errors. First, the hematocrit should be corrected for 
plasma trapped in the volume of red cells. This varies 
with the centrifugal force and duration of centrifuga- 
tion but averages about 5% with usual methods of he- 
matocrit determination. Second, the “whole-body ‘he- 
matocrit” is less than the observed hematocrit because 
the blood in the minute vessels has a lower percentage 
of red blood cells than blood drawn trom a peripheral 
vein. It has been shown that the whole-body hematocrit 
is 91% of the observed hematocrit. The observed he- 
matocrit may then be corrected by multiplying by 0.95, 
then 0.91, or by using a single multiplication factor of 
0.86. | 


Therefore, the most logical method for estimation of |. 


blood volume would appear to be to use an assumed 
red blood cell volume and the corrected hematocrit. 
This concept is supported by the data of Lund and 


0.036 x estimated blood loss x observed hematocrit 
body weight l 


Dorovan,’ who showed that the hematocrit varies in- 
versely with the plasma volume and that the hematocrit 
usually reflects changes in plasma volume and not 
changes in red blood cell volume. 

In order to test the accuracy of these calculations, the 
date of Statzer® are used. Statzer determined blood 
volume with the use of todinated human serum albu- 
min 19 times in seven patients prior to delivery and also 
reported hematocrit values and body weight. All but 
one of the determinations were made within 4 weeks of 
delivery. In the one other case evaluation was done 16 
weeks prior to delivery. The data are shown in Table I, 
along with estimated blood volume calculated by the 
formula: 


Elood volume (ml/kg) en: eee 100. 
. 0.86 x hematocrit . 


_ As can be seen, with the exception of Patient No. 7, 
the estimated blood volume is reasonably close to the 
measured blood volume. In fact, in averaging the pe 

centage differences in the 17 determinations (exclud- 
ing Patient No. 7), the estimated blood volume is 2% 
higner than the measured blood volume. In examining 
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closely the data on Patient No. 7, the plasma volume 
* was normal, the hematocrit was low; and the red blood 
cell volume was low (18 ml/kg). One could make a 
strong case for a:true anemia in this patient. 

Therefore, I would like to propose that the following 
shduld be done for each patient at delivery: 

1. The. patient’s weight in kilograms should be re- 
corded and the venous blood hematocrit should be de- 
termined. 

2. The hematccrit should be corrected by multiply- 
ng by 0.86. 

--3. The blodd volume in milliliters per kilogram 
should be estimated by dividing the corrected hemato- 
crit into 24. 

4. The total estimated blood volume should be de- 
termined by multiplying blood volume in milliliters per 
kilogram by the body weight. 

5. The blood loss at delivery should be recorded in 
milliliters. 

6. The blood loss at delivery should be calculated as 
a percentage of total estimated blood volume. 

7. Postpartum hemorrhage should be defined as a 
loss of blood at delivery of greater than 15% of the total 
estimated blood volume. | 
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Cn a more practical basis all of the above calculations 
may be simplified into the following formula: 


Percentage of total blood volume lost at delivery = 


0.936 x estimated blood loss xX observed hematocrit 
body weight 


Table II illustrates the consideration of a 1,000 ml 
blocd loss in two hypothetical patients. It might be ex- 
pected that Patient No. 1 will tolerate the blood loss 
quite well, whereas Patient No. 2 might show signs and 
symtoms of acute hemorrhage. 

Fmally, it should not be forgotten that the reliability 
of toese calculations is totally dependent upon a nor- 
mal red blood cell volume. Conditions such as true 
anemias will cause overestimation of the blood volume 
and conditions which stimulate erythropoiesis beyond 
that of normal pregnancy will result in underestima- 
tion of blood volume. Despite this fact and the normal, 
expected patient-to-patient variation in red blood cell 
volume, this method of evaluation of blood loss at de- 
livery should be a considerable improvement over the 
currently accepted method. 
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Benign cystic teratomas in postmenopausal women 


ALAN GORDON, M.D. 
NEIL ROSENSHEIN, M.D. 
TIM PARMLEY, M.D. 
BELUR BHAGAVAN, M.D. 
Baltimore, Maryland 


Postmenopausal benign cystic teratomas occurred in 16 women in a 6-year period. In this group the 
incidence of malignancy was 19%, and the incidence of bilateral'ty was 20%. Marked 
collagenization of the tissue of the teratoma indicated an “end-s:age” process: The high incidence 
of malignancy in this group of patients is an. indication for vigorous surgical staging for extent of 


disease. (AM. J. OBSTET. GYNECOL. 138:1120, 1980.) 


BENIGN CYSTIC teratomas (dermoid cysts) are ovar- 
ian neoplasms derived from germ cells and composed 
of mature tissues representing two or more of the em- 
bryonic germ cell layers. The “cyst” almost always con- 
tains hair, desquamated stratum corneum; and seba- 
ceous material derived frorn the “skin” that lines the 
cavity. Usually benign, dermoid cysts may be associated 
with more malignant germ cell tumors or may exhibit 
secondary malignancy after initial benign growth. 
They represent 15% to 20% of all benign ovarian 
tumors and 10% of all ovarian tumors.! The peak inci- 
dence is in the third and fourth decades of life. 
Classically, then, a tumor of young women, they are 
surgical surprises when encountered in postmeno- 
pausal women and seem to be worthy of review.’ ? 
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Material and methods 

A 6-year period from January 1, 1973, through De- 
cember 31, 1978, was selected for analysis. The files of 
The Johns Hopkins Hospital and the Sinai Hospital of 
Baltimore were reviewed and all cases of benign cystic 
teratoma were collected. Referred cases were excluded. 
Those cases which occurred in women who had experi- 
enced at least 1 year of amenorrhea were then iden- 
tified and reviewed pathologically to confirm the diag- 
nos.s. The preoperative clinical studies were collected 
and collated. 


Fiesults 


Three hundred and nine cases of benign cystic 
teratomas were identified in this 6-year period. The 
age range of the patients was 2 to 80 years. The largest 
grcup of cases (130 patients, 42%), occurred in the age 
grcup of 20 to 29 years. Sixteen patients (5%) were 
postmenopausal. The age range of these patients was 
49 to 80 years, with a mean of 49. 

Clinical features. 

Presenting complaint. Thirteen of 16 patients weré 
admitted for evaluation of an asymptomatic pélvi™ 
mess. In three patients the teratoma was discovered 
incidentally at the time of operation for other gyneco- 
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Fig. 1. Squamous epithelium (epidermis) overlies a layer of 
dense collagen that is relatively acellular. 


logic conditions, i.e., invasive carcinoma of the cervix 
(one) and uterine leiomyomas (two). 

Preoperative evaluation. Eleven patients underwent 
preoperative x-ray examinations. Seven of 10 intrave- 
nous pyelograms disclosed a pelvic mass, only one of 
which showed calcification within the mass. Two of the 
three barium enemas disclosed evidence of a pelvic 
mass with calcifications. Of three sonograms which 
were recorded, one was read as suggesting calcification, 
and another as showing a “15 by 19 cm mass with fluid 
levels and a central mass probably representing a be- 
nign cystic teratoma.” The four examinations which 
demonstrated calcifications were performed in four 
different patients. The calcifications were confirmed 
histologically in all the cases, except that revealed by 
the intravenous pyelogram. 

No patient had a preoperative clinical diagnosis of 
benign cystic teratoma. 

Pathologic features. 

Size. The dermoid cysts detected incidentally were 
small, with the largest one being 6 by 5.5 by 4.5 cm, 
Whereas among those patients who were admitted to 
ethe’ hospital with a diagnosis of pelvic mass, one cyst 
was as large as 18 by 15 by 9 cm. 
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Fig. 2. Squamous cell carcinoma is seen in the upper corner of 
the photograph. and an adenocarcinoma below. This field 
illustrates the point at which the tumors were in closest 
proximity. 


Bilaterality, Of the 16 patients, one had previously 
undergone an oophorectomy, but three (20%) of the 
other 15 had bilateral dermoid cysts. 

Histopathologic findings. In 12 cases, “skin” could be 
identified. This consisted of stratified squamous epi- 
thelium with epidermal appendages. However, in all 
cases the dermis was markedly scarred, having been 
almost totally replaced by dense collagen with oblitera- 
tion of the loose reticular tissue of the normal dermis 
(Fig. 1). 

In five cases there was respiratory epithelium, and in 
two, thyroid tissue. Secondary neoplasms were present 
in three cases: one in which the mucinous epithelium 

‘as consistent with a borderline mucinous cystadeno- 
carcinoma, a second in which the stroma demonstrated 
solid proliferation of small uniform cells containing 
nonargentafhn but argyrophilic granules, interpreted 
as a stromal carcinoid, and a third in which both a 
squamous cell carcinoma and adenocarcinoma were 
present (Fig. 2). The patients with the mucinous cyst- 
adenocarcinoma and stromal carcinoid were alive and 
well 36 and 24 months after diagnosis. The patient with 
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Fig. 3. Squamous epithelium (epidermis) rests on a layer of 
dermis that contains multiple appendages, muscle, and fibro- 
blasts. Arrows illustrate the line of demarcation between the 
neoplasm and the normal ovary. 


squamous cell carcinoma died of a primary adenocar- 
cinoma of the colon. 


Comment 


Dermoid cysts are routinely lined by stratified squa- 


mous epithelium with appendages that are typical of 


the skin. Classic descriptions are less adequate on the 
point, but this lining is also routinely supported by a 
well-defined dermis that contains the epidermal ap- 
pendages, as well as fat, muscle, and other connective 
tissue (Fig. 3). Because this tissue is clearly demarcated 
from the surrounding ovary, these tumors can usually 
be easily shelled from the surrounding ovary. This tis- 
sue is dramatically apparent in postmenopausal der- 
moids cysts, since it has uniformly been replaced by 
dense scarlike tissue which is largely collagen and ap- 
pears to be composed of scattered fibroblasts and colla- 
gen (Fig. 4). We interpret this to indicate the prolonged 
presence of these tumors within the ovary, thus sug- 


- gesting that they reposed within the young patient and 


were not detected until she reached menopause. 
A further point of clinical interest is that dermoid 
cysts were uniformly not suspected preoperatively, al- 


Fig. 4. Arrows illustrate the line of demarcation between the 
dermis and the normal ovary. In this case the dermis contains 
no appendages, and the loose reticular tissue has been con- 
nected to a laver of dense collagen. 


though there were some preoperative clues, 1.e., cal- 
cifications within a pelvic mass. 

The rate of bilateralitvy, 20%, in our material corre- 
sponds to a range of 10% to 20% reported in previous 
studies. 3 This high rate of bilaterality is additional 
evidence that this is an “end stage” disease process 
when detected in postmenopausal women. 

Malignant degeneration occurred in three (1%) of 
the 309 cases studied, which is comparable to an inci- 
dence of 1% to 2% reported in previous studies. ™® In 
the present study, all cases of malignancy (an incidence 
of 19%) occurred in postmenopausal women, In a re- 
view of 351 cases of malignancy arising in benign cysuc 
teratomas, the ages of the patients were available for 
analysis in 318°!" Their age range was 9 to 80 years. 
One hundred and eighty-one (57%) of the 318 patients 
were 50 vears of age or older. Thus, it would appear 
that most secondary malignancies in cases of benign 
cystic teratomas arise in women over age 50. 

The occurrence of a benign cystic teratoma in the 
postmenopausal woman is thus of concern, and aff 
cases should be managed as if they were potentfallt™ 
malignant ovarian tumors. Thorough staging proce- 
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dures to evaluate the extent of disease should be car- 
ried out, as well as extensive sampling of the dermoid 
cyst. 

» Three hundred nine cases of benign cystic teratomas 
were reviewed. The peak incidence was in the age 
group 20 to 29 years, with 5% of the population being 
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Second-look operations in ovarian cancer 


PETER E. SCHWARTZ, M.D. 
JULIAN P. SMITH, M.D. 


New Haven, Connecticut, and Detroit, Michigan 


One hundred eighty-six patients with epithelial tumors of the ovary who were managed at the M. D. 
Anderson Hospital and Tumor Institute underwent an exploratory 2>peration (“second-look” 
operation) to assess the status of the cancer. Fifty-eight patients ‘vere found to have no evidence of 
disease (NED) and chemotherapy was discontinued. Eight patients with advanced ovarian cancer 
had NED 5 or more years after negative second-lodk operations and were probably cured by 
chemotherapy. Seven patients who were found to ave cancer at second-look operations had a 
change in management as a result of the operation and had NEE 5 or more years later. The most 
important factors correlating with negative second-inok operations were the stage of cancer, the 
amount of residual tumor left at the initial operatior, and the number of courses of chemotherapy 
administered prior to the second-look operation. Survival after positive seccnd4ook operations 
varied directly with the volume of tumor found at the time of operation and the amount of tumor left 
behind at the second-look operation. Patients who were treated with radiation therapy had a poorer 
survival rate than those who were treated with che notherapy after positive second-look operations. 


(AM. J. OBSTET. GYNECOL. 138:1124, 1980.) 


EXPLORATORY laparotomy after a planned progrem 
of chemotherapy, i.e., the “second-look” operation, Fas 
been incorporated into the management of patients 
with epithelial tumors of the ovary at the M. D. Ander- 
son Hospital since 1960. The purpose of the operation 
is to assess the status of the patient’s tumor in order to 
plan future treatment and to remove, if possible, aay 
tumor that is found. This report reviews the experi- 
ence at the M. D. Anderson Hospital with second-look 
operations in the management of patients with ovarian 
epithelial tumors to determine whether the operation 
has a significant role in their management. 


Material and methods 


One hundred ninety-two patients had second-look 
operations after an interval of chemotherapy during 
the 14-year interval between 1960 and 1974. Six pa- 
tients who were thought to have recurrent tumor after 
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irradiation therapy, but in whom laparotomy did not 
prove the existence of cancer before chemotherapy was 
begun, will be excluded from the statistics. The stage of 
the tumors of the other 186 patients, according to the 
current International Federation of Gynaecology and 
Obstetrics (FIGO) classification, may be seen in Table I. 
Twenty-seven of the tumors were State I; 31 were 
Stage II; 105 were Stage III; and 23 were Stage IV. 
Most of the patients with Stage I and Stage II cancers 
were treated prophylactically and will not be included 
in the evaluation of second-look operations in the man- 
agement of ovarian cancer. Histologically, the predom- 
inant tumor pattern was serous carcinoma (127), fol- 
lowed by unclassified epithelial (30), mucinous (16), 
and endometrioid (13). The histologic characteristics of 
the tumors were not reviewed for this report, and 
many of the patients with endometrioid tumors or 
mesonephroid tumors who were treated before 1970 
were classified as having serous tumors. The tumor 
grade was known in 145 patients. One patient had a 
tumor of low malignant potential, 21 patients had 
grade | lesions, 49 patients had grade 2 lesions, and 76 
had grade 3 lesions. Thirty-nine patients had ungraded 
tumors. The more undifferentiated tumors tended to 
be associated with more advanced stages. Fifty-nine of 
the 75 (78%) patients with grade 3 tumors had stage UI 
or Stage IV lesions. l O~ 
Thirteen of 128 patients with Stage III or Stage IV 
cancer who underwent a second-look operation had no 
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residual tumor at the time of the original operation. 
Thirty-one patients had residual tumor less than 2 cm 
in diameter, and 83 patients had residual tumor 
*greater than 2 cm in diameter. The volume of residual 
cancer, was not stated in one patient’s chart. 

Single-agent chemotherapy was administered to 173 
of the 192 patients who underwent second-look opera- 
tions. Melphalan was used in 167 patients, Adriamycin 
in two, hexamethylmelamine in two, and 5-fluorouracil 
in one. One patient who was treated with oral cy- 
clophosphamide for 27 months prior to being referred 
underwent a second-look operation upon admission to 
the M. D. Anderson Hospital. Nineteen patients were 
treated with a combined chemotherapy which consisted 
of actinomycin-D, 5-fluorouracil, and cyclosphospha- 
mide (AcFuCy), prior to the second-look operation. 

The timing of the second-look operation changed as 
experience was gained in the chemotherapeutic man- 
agement .of patients with advanced cancer. The first 
several patients underwent a second-look operation 
when a significant change in the palpable tumor sug- 
gested that a previously unresectable tumor could be 
excised. More recently, second-look operations were 
performed when a patient developed prolonged de- 
pression of bone marrow after chemotherapy and 
there was concern that the tumor might begin to grow 
again before the next course of chemotherapy could be 
instituted. Since this plan of treatment did not prove to 
be beneficial for many patients, it has slowly evolved 
until, at the present time, only those patients who have 
received 12 or more cycles of chemotherapy are sub- 
jected to second-look operations. Patients treated with 
Adriamycin received a total dose of 540 mg per square 
meter of body surface area before undergoing the 
second-look operation. 

The surgical technique used at the time of second- 
look operations has changed significantly during the 
period of study. The present plan is to perform a 
laparotomy through a vertical midline incision from 
the symphysis to approximately 6 cm above the um- 
bilicus, and then obtain cytologic ‘washings from the 
pelvis and each lateral paracolic space and multiple 
biopsy specimens of the abdominal and pelvic perito- 
neum if no gross tumor is present. An attempt is made 
to completely excise all residual tumor if gross tumor is 
present. The multiple sites of biopsy include the known 
sites of residual tumor recorded at the initial operation 
and usually include the lateral pelvic peritoneum, cul- 
de-sac peritoneum, and anterior bladder peritoneum, 
Both lateral paracolic spaces, and the inferior surface of 

“the diaphragm. If ovaries or uterus is present, they are 
removed, and the omentum is removed routinely. The 
bowel serosa and mesentery are carefully inspected, 
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Table I. Stage of ovarian cancer 


Stage | No. of patients 


I 27 
II 3] 
lI 105 
IV 23 
Total 186 


Table II, Stage versus findings at second-look 
operation 


Total No. | No. of patients| No. of patients % 
Stage | of patients| with NED | with persistent cancer | NED 


I 27 18 9 66.7 
II 31 14 17 45.2 
HI 105 17 88 16.2 - 
IV 23 9 4 39.1 
Tozal 186 58 128 


ard biopsy specimens are taken from any irregularity, 
as well as a sample of para-aortic lymph nodes. From 
24 to 30 biopsy specimens are obtained for study from 
mst patients. | 

During the first 10 years covered in this report, pa- 
tients with tumor masses smaller than 2 cm after 
second-look operations were treated with whole-abdo- 
men irradiation by the moving-strip technique, with 
additional irradiation to the pelvis, and patients with 
tumor masses larger than 2 cm were continued on che- 
rotherapy. The complications and long-term survival 
rates of patients who were treated with irradiation after 
second-look operations did not justify this treatment. 

Each patient’s record was reviewed to ascertain 
tke response to chemotherapy as determined at the 
second-look operation. These findings were catego- 
r.zed as (1) no evidence of disease (NED); (2) NED, but 
positive cytologic studies of peritoneal washings; (3) re- 
gression of the original tumor mass, with only mi- 
croscopic tumor present in random biopsy specimens; 
(4) regression of the original tumor mass, but macro- 
szopic tumor present; (5) no change in the volume of 
tumor since the initial operation; and (6) growth of the 
original tumor during chemotherapeutic treatment. 


Results 


Stage I. Eighteen of 27 patients (67%) underwent 
negative second-look operations, and nine patients 
were found to have persistent cancer (Table IT}. All but 
one patient had received melphalan, and the number ` 
of treatment courses received by the patients with 
egative second-look operations varied from 10 to 13. 
All patients who had negative second-look operations 
nad NED 5 months to 10 years postoperatively. 


Pd 
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Table III. Findings at second-look operation greater than 2 cm at the time of the original operation 
Enid: | No, of patients and had grade 2 and grade 3 serous carcinoma. Six 
- - — patients survived 36 to 58 months with NED after 
NED 3] Jook , l eai : 
NED — + Cytology Ò Seron ook operations. All but one patient received 9 , 
Regression— Microscopic tumor 19 to 12 courses of melphalan. . 
. Regression—Macroscopic tumor © 59 Eight of the 17 patients who had cancer at the time,of 
See i the second-look operation were clinically free of dis- 
Total 49 ease prior to operation. Four of the eight had NED 6, 





15, 29, and 83 months after a change in treatment. 
Nine patients with palpable tumor masses prior to the 
second-look operation died of disease 7 to 31 months 


Table IV. Number of courses of melphalan versus : 
(average, 15.9 months) after the second-look opera- 


negative findings (NED) at second-look operation 


tion. Only one of the nine patients with palpable tumor 
No. of courses masses and three of the eight patients with persistent 
of melphalan with NED | with persistent cancer | % NED , 
cancer received 12 or more cycles of chemotherapy 
2-9 7 4] 14.6 prior z0 operation. 
3 ; al Pa Stage ITI. Seventeen of 105 patients (16%) with Stage 
i2 8 19 40.0 IHI tumors were free of cancer at second-look opera- 
13+ 6 4 60.0 tions (Table 1I). Two had NED 8 and 9 years after 
negative second-look operations. One patient was still 
living 37 months after a negative second-look proce- 
Among the nine patients who were found to have dure, and nine patients had NED 4 to 22 months after 
cancer at the time of the second-look operation, six had negative second-look operations. Four patients devel- 
Stage IC cancer and three had Stage IB cancer. Eigh: oped recurrent tumor 6, 7, 12, and 28 months postop- 
of the nine patients had been treated with melphalan, eratively and died of the disease. The one other patient 
but only two patients received 12 courses prior to the received 18 courses of melphalan, underwent a nega- 
second-look operation. Chemotherapy was changed in tive second-look operation, and died of acute leukemia 
five patients because cancer was found at the second- 16 months postoperatively, with no evidence of ovarian ` 
look operation, and one patient who had NED 35 carcincma at postmortem examination. 

' months later had a negative third-look operation. A Fifteen of the patients who had negative second-look 
second patient underwent a negative third-look operz- operations were treated with melphalan, one with 5- 
tion after a change in chemotherapy but developed = fluorouracil, and one with cyclophosphamide. Eight of 
recurrence 39 months later. One patient was currently the 15 patients treated with melphalan received 12 or 
alive and receiving chemotherapy 9 months postop- more courses of it, but the four patients who developed 
eratively. Two patients who continued to receive che- recurrent cancer after a negative second-look opera- 
motherapy died 10 and 38 months postoperatively. tion received only 4, 5, 7, and 10 courses of melphalan. 
Three patients received whole-abdonien irradiation bv Forty-two of 88 patients who were found to have 

` the moving-strip technique, with additional irradiation cancer at the second-look operation were clinically free 
of the pelvis, after findings of persistent cancer at a of cancer immediately prior to operation. Eleven of 
second-look operation, and two had NED 36 and 98 these are alive and without evidence of cancer, at the 
months after that treatment. The other patient died oz time of this writing. Six had NED at 5 or more years (65 
cancer 54 months after undergoing radiation therapy. to 143 months). Four of these patients had a change in | 
One patient with persistent cancer was given no further treatment because of the findings at the second-look . 
treatment and died 13 months postoperatively. operation, one patient continued on the same chemo-. 

Stage II. Fourteen of 31 patients (45%) underwent therapy, and one patient underwent excision of the 
negative second-look operations (Table I). Nine of the only known focus of residual tumor. The other five 
14 patients who were free of disease at the second-look patients had NED 35 to 39 months after positive 
operation had no residual tumor remaining at the orig- second-look operations. 

, “inal operation, two had residual tumor less than 2 cm in Stage IV. Nine of 23 patients (39%) with Stage IV 
maximum diameter, and three had residual tumor ovarian carcinoma were found to have NED at the time 
greater than 2 cm. Three patients have survived 60 of the second-look operations (Table II). Three *pas 
months or more without evidence of recurrent disease. tients have survived more than 60 months after the 


Two of the latter patients had residual tumor masses second-look operation, and three have survived free of 
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recurrent tumor 35, 38, and 43 months. Three patients 
developed. recurrent tumor 7, 9, and 15 months after 
the second-look operations. 

All of the patients with Stage IV cancers who had 
NED at the time of the second-look operations had 
been given melphalan. Six were given 10 to 35 courses 
of treatment. The patient who received 35 courses of 


melphalan prior to the second-look operation died 80 . 


months postoperatively from acute granulocytic leu- 
kemia. Three patients who developed recurrent cancer 
received 4, 12, and 15 courses of melphalan; however, 


_ the-patient who was given 12 courses of melphalan had 


a second-look operation that was madeguate by our 
present standards. 

Five of the 14 patients with residual tumor that was 
found: at a second-look operation had no palpable 
tumor masses prior to operation. There were no long- 
term survivors in this group. 

In a review of the group of patients not treated 
prophylactically, i.e., the 14 Stage II patients with re- 
sidual tumor left at the initial operation, as well as all 


Stage II] and Stage IV patients, 31 of 142 patients had’ 


NED at the second-look operation (Table III). No pa- 
tients had cytologic evidence of malignancy in abdomi- 
nal washings with negative random biopsies. Nineteen 


patients had no gross evidence of disease, but were 


found to have microscopic disease in random biopsies. 
In several patients, only one biopsy site was positive for 
microscopic disease, despite multiple random biopsies. 
Tumor regression with macroscopic (visible) tumor was 
present in 59 patients. Seventeen patients demon- 
strated no change in the status of the tumor from the 
time of the initial operation. Sixteen patients showed 
definite progression of the disease as compar ed to the 
findings at the initial operation. 

Seven of 48 patients (14.6%) who completed two to 
nine courses of melphalan were found to have NED at 
the second-look operation (Table IV). Eight of 29 pa- 
tients (27.6%) who were given 10 courses of melphalan 
had NED, and 8 of 22 patients (36.4%) who received 11 
or 12 courses of melphalan had NED at the second- 
look operation. Ten patients completed 13 or more 
courses of melphalan, and six (60%) had NED at the 


_ second-look operation. 


The volume of residual tumor left at the initial op- 
eration correlated directly with the incidence of nega- 
tive second-look operations, The survival rate for pa- 
tients whose largest residual tumor mass was less than 2 
cm was almost the same as that for patients who had no 


*tumor rémaining after the initial operation. Four of 13 


patients (30.8%) who had NED at the time of the origi- 
nal operation had negative second-look operations. 
Twelve of 38 patients (31.5%) with less than 2 cm of 
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Table V. Location of residual tumor at second-look 
op2ration 


. Site l | No. of patients 


Pelvic peritoneum 58 
Omentum 57 
Ovary* 53 
Bowel serosa 38 
Sigmoid colon 34 
Abdominal gutters ZS 
Anterior abdominal peritoneum 21 
Bowel mesentery 20 
Pelvic retroperitoneum 18 
Fallopian tubes 16 
Para-aortic lymph nedes 15 
Liver serosa ]2 
Uterus li 
Other 24 


*Only 56 patients had ovaries at the time of the second-look 
operation. 


residual tumor had negative second-look operations, 
and 15 of 90 patients (16.7%) with more than 2 cm of 
residual tumor had negative second-look operations. 
The majority of nonprophylactically treated patients 
(19) with negative second-look operations had serous 
carcinoma, but only 18.8% of patients with serous car- 
cinoma were free of tumor at the time of the second- 
lock operation. The percentage of negative second- 
look operations was higher for mucinous (25%), en- 


_dometrioid (37.5%), and unclassified adenocarcinoma 


(28%). The histologic grade of tumor was known in 112 
of the 142 nonprophylactically treated patients. Two of 
1] patients (15.2%) with grade 1 lesions, six of 33 pa- 
tients (18.2%) with grade 2 lesions, and 18 of 68 pa- 
tients (26.5%) with. grade 3 lesions had NED at the time 
of the second-look operation. 

The sites of persistent disease in all patients with 
positive second-look procedures are seen in Table V. 
The. pelvic peritoneum, ovaries, and omentum were 
the most common sites of persistent disease; however, 
biopsy specimens of the para-aortic lymph nodes and 
the diaphragm were not obtained in most of the pa- 
tients in this series. Fifty-six patients with Stage III or 
Stage IV cancer had ovaries left in place at the initial 
operation, and only three were free of cancer at the 
second-look operation. Only recently has visualization 
of the diaphragm via a sigmoidoscope or laparoscope 
been incorporated i into the surgical routine at the time 
of a second-look operation. It is interesting that, in all 
patients in whom either gross or microscopic cancer 
was found on the diaphragm, the biopsy specimens 
from other intraperitoneal sites were positive. 

The rate of survival after a second-look operation 
varied directly with the volume of tumor found at that 
operation (Fig. 1) and the amount of tumor left behind 
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Fig. 1. Survival rate after second-look operation. The chemo- 
therapy response was determined at the second-look opera- 
tion. N = number of patients: cytology O = no malignant cels 
present. in pelvic and paracolic space washings; cytology Œ = 
malignant cells present in washings. 


at the second-look operation. The 5-year survival rate 
after second-look operations for patients with no evi- 
dence of disease was 72%, and 38% for patients with 
only microscopic tumor. Patients who were found to 
have lesions which had definitely regressed but were 
visible at the time of the second-look operation (2 cm in 
diameter—macroscopic disease) had a 5-year survival 
rate of 15%. Patients with no change in the status of the 
tumor from the time of the initial operation had a 
5-year survival rate of 17%, and patients with progres- 
sion of their tumor had a 5-year survival rate of 18%. 
- Resection of residual tumor at the second-look. op- 
eration influenced the subsequent survival rate (Fig. 2). 
The 2-year and 5-year survival rates for patients who 
underwent total removal of residual tumor at the 
second-look operation were 47.5% and 27.0%, respec- 
tively; and if only partial removal was performed, leav- 
ing residual tumor that was less than 2 cm in diameter, 
the 2-year and 5-year survival rates were 29.5% for 
each interval. The 2-year and 5-year survival rates if 
residual tumor was greater than 2 cm were 9.0% far 
each interval. Only one patient who kad residual tumor 
greater than 2 cm in diameter at the second-look oz- 
eration had NED 60 months after the second-look prz- 
cedure. 


Patients treated with chemotherapy after positive 
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Fig. 2. Survival rate after second-look operation as deter- 
mined by the maximum diameter of the largest residual 
tumor mass upon completion of the operation. 


second-look operations had better 2-year and 5-year 
survival rates than did patients who were treated with 
radiation therapy (Fig. 3). Patient survival rates for 2 
years and 5 years with chemotherapy were 34.3% and 
26.7%, respectively, whereas the corresponding survi- 
val rates with radiation therapy were 24.4% and 16.1%. 


. This .s particularly significant because only patients 


with residual tumor less than 2 cm in diameter at 
second-look operations were treated with radiation. 
Patients with tumors larger than 2 cm were treated with 
chemotherapy. 

Significant myelosuppression after chemotherapy 
was observed in many patients who underwent whole- 


abdomen irradiation after second-look operations. 


Twen-zy-two of 49 patients treated by means of the. 
moving-strip radiation technique, with additional ir- 
radiation of the pelvis, had their treatments inter- ’. 
rupted or discontinued because of myelosuppression 
which was not necessarily related to the amount of 
prior chemotherapy. | 

Complications of second-look operations are seen in 
T able VI. Eighteen patients had a wound infection, 17 
had an infection of the urinary tract, and 16 had hem- 
orrhage that exceeded 500 cc. l 

The number of days of hospitalization is shown in 
Table VIL: Until recently, patients were frequently | 
kept in the hospital until a subsequent course of che- * 
motherapy had been administered. At present, most 
patients are discharged on the seventh postoperative 
day ard receive chemotherapy as outpatients. 
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Table VI. Complications of second-look procedure 








Wound infection 18 
Urinary tract infection 17 
Hemorrhage > 590 cc 16 
Pulmonary 10 
Ofher medical 8 
- Bowel injury—postoperative l 5 
Bowel injury at “second-look” operation 2 
Postoperative intestinal obstruction 2 
Other 9 
None 124 
Table VII 






No. of days of 
hospitalization 


0-5 — 
6-9 55 
10-14 101 
15-19 21 
20-24 5 
25-29 3 
30-39 5 
51 l 
85 ol 
Total 192 


The most severe long-term complication in this 
group of patients with the prolonged survival rate was 
leukemia. Five patients developed leukemia, which was 
diagnosed as acute granulocytic leukemia in three of 
them. All five patients were long-term survivors on 
chemotherapy (range, 43 to 184 months). One patient 
developed subacute leukemia (based on bone marrow 
findings) after receiving nine courses of melphalan and 
moving-strip abdominal irradiation with additional ir- 
radiation to the pelvis. The four patients with acute 
leukemia received 18 to 44.courses of melphalan, and 
three had no evidence of ovarian carcinoma at the time 
of their deaths. Three patients: were treated with che- 
motherapy for acute leukemia, but no patient survived 
more than. 3 months from the time of diagnosis. 


Third-look procedures 


Fight patients underwent third-look operations up- | 


on completion of a program of chemotherapy after a 
positive second-look operation. Four patients had NED 
at the time of the third-look operation. However, two 
of the four patients developed recurrent cancer 15 and 
57 months later. The other four patients had persistent 
disease at the time of third-look operation, and their 
treatment was changed because of this finding. 


«Comment 


The management of patients with epithelial tumors 
of the ovary is hampered by a lack of diagnostic tests 
which are highly sensitive for detecting residual or re- 
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Fig. 3. Survival rate after second-look operation as influenced 
by sabsequent terapy; radiation or chemotherapy. 


current tumor after the initial operation. There are no 
blocd tests, such as the chorionic gondadotropin titer, 
alpha-fetoprotein assay, or carcinoembryonic antigen 
level, or diagnostic radiographic techniques, including 
ultrasound, that have been reliable in demonstrating 
residual tumor or its response to treatment.” ? The 
clinician must: direct chemotherapy on the basis of 
fincings by palpation of the abdomen, bimanual pel- 
vic examination, chest x-ray films, laparoscopy, and 
second-look operations. 

The diagnostic inaccuracy of the clinical examination 
is dzmonstrated in the current series. Sixty-four of 128 
patients who were found to have residual tumor at the 
second-look operation were thought, prior to the op- 
eration, to be free of disease by abdominal and pelvic 
examination. Conversely, five patients with NED at the 
time of a second-look operation had, prior to the 
second-look operation, palpable masses which were 
thought to be cancer. ` | 

It is now possible to state that some patients with 
ovarian cancer are cured by chemotherapy. Fight pa- 
tients with advanced ovarian cancer had NED 5 years 
or more after negative second-look operations and 
were probably cured by chemotherapy. Ten patients 
with advanced ovarian carcinoma had NED 35 or more 
mocths after negative second-look operations (poten- 
tial 5-year chemotherapy cures). 

If we include the patients with Stage I and Stage II 


i {30 Schwartz and Smith 
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disease, 58 patients in the group would have been con- 
tinued on chemotherapy without a second-look opera- 
tion and would have been exposed unnecessarily to the 
possibility of developing prolonged myelosuppression 
or, perhaps, leukemia. Acute granulocytic leukemia 
developed in four of 30 patients in this series who re- 
ceived more than 16 courses of melphalan. , 

Laparoscopy has been proposed as an alternative to 
second-look operations.® * Twenty-four patients in the 
entire series had no tumor visible at the time of the 
second-look operation, but did have microscopic dis- 
ease disclosed by random biopsies; and three patients 
who were given praphylactic chemotherapy were found 
to have microscopic disease by cytologic evaluation 
of the pelvis and lateral paracolic spaces. The role of 
‘laparoscopy in the management of patients suitable 
for a second-look operation should be to determine 
whether the patient has unresectable or diffuse disease. 
Should extensive or unresectable cancer be found ‘at 
laparoscopy, confirmation of the extent of the disease 
by biopsy via the laparoscope is appropriate, and 
treatment may be continued without subjecting the pa- 
tient to laparotomy. Should laparoscopy fail to dem- 
onstrate persistent disease, laparotomy and a metċu- 
lous search for tumor masses must be performed. 
Laparotomy is necessary, because persistent disease, in 
the pelvis or the mesentery or serosa of the small bowel, 
the paracolic spaces, and the para-aortic nodes and ret- 
roperitoneal area can be detected only by visual in- 
spection and/or biopsy. If laparoscopy discloses lo- 
calized residual cancer, then a laparotomy may be indi- 
cated, since patients who have all gross tumor removed 
by a second-look operation have an improved 2-year 
and 5-year survival rate (Fig. 2). 
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The timing of the second-look operation in relation 
to the number of courses of chemotherapy is extremely 
important, Little benefit accrues to the patient if the 
operation is performed as soon as an unresectable 
tumor becomes resectable, or if the operation is done 
because the patient has developed prolonged my- 
elosuppression between courses of chemotherapy. The 
patients who received 12 or more cycles of chemother- 
apy had the best survival rates in this series. The time 
interval over which the total chemotherapy was admin- 
istered did not influence prognosis. Seven patients 
treated with melphalan developed recurrent carcinoma 
after negative second-look operations. Five of these 
patients received less than 12 courses of chemotherapy. 

Seven patients who had cancer at the time of the 
second-look operation survived 5 or more years free of 
disease and clearly benefited from the operation. Since 
the presence of persistent disease was not appreciated 
clinically, the second-look findings determined the sub- 
sequent management of these patients. 

Patients who were found to have minimal residual 
tumor at second-look operations were initially treated 
with radiation therapy to the whole abdomen, with 
additional irradiation of the pelvis. Patients who were 
treated in this manner had a poorer survival rate (Fig. 
3) than did patients with more extensive cancer who 
were treated with chemotherapy: The current policy is 
to treat all patients with chemotherapy if cancer is 
found at a second-look operation. 

Third-look procedures have been performed on, 
eight patients and appear to have a role in the man- 
agement of patients after completion of a second pro- 
gram of chemotherapy. 
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Progestogen-dependent endometrial protein in women: 
Tissue concentration in relation to developmental 


. stage and to serum hormone levels 


S. G. JOSHI 
E. S. HENRIQUES 
R. A. SMITH 
D. H. SZAROWSKI 
Albany, New York 


The presence of a progestogen-dependent endometrial protein (PEP) in women was previously 
described. The present study was undertaken to determine whether the occurrence or the 
concentration of PEP in endometria is related to the developmental stage of tissues and/or to the 
levels of endogenous progesterone (P) or 178-estradiol (E) to which the tissues are exposed. 
Samples of serum and endometrial tissue in different developmental stages were obtained from 
pregnant women and women with normal menstrual cycles and were analyzed for PEP. In addition, 
the sera were analyzed for P and E. The occurrence of PEP in the endomeirium of all of the women 
who were studied was found to be correlated with the heightened secretory activity and with the 
decidual change in the tissue. Furthermore, in women with normal cycles, the detection of PEP was 
associated with high serum levels of P. Comparison of serum levels of P with endometrial levels of 
PEP in pregnant women and in women in the mid-secretory phase of the menstrual cycle indicated 
that a 2.8-fold rise in serum levels of P during pregnancy was accompanied by a comparable (about 
threefold) rise in tissue levels of PEP. Therefore, we conclude that, in pregnant women and women 
with normal cycles, the levels of PEP in the endometrium reflect developmental changes within the 
endometrium, and that those levels are directly related to serum levels of P. (AM. J. OBSTET. 


GYNECOL. 138:1131, 1980.) 


BOTH NATURAL and synthetic progestogens are being 
used in the clinics for treatment of luteal-phase insuf- 
ficiency, habitual and threatened abortions, endome- 
trial hyperplasia, and as adjuvant therapy in endome- 
trial and breast cancers. In addition, clinical trials are 
under way in many developing nations which use syn- 
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thetic progestogens as a means of clinical contraception 
in tae form of oral pills, subdermal silicone rubber im- 
plants, and intrauterine and intravaginal devices. In 
spice of such widespread use of progestogens, very little 
is known about their specific biochemical effects on 
human target tissues. At the Conference of Biochem- 
ica. Action oi Progestin sponsored by the New York 
Academy of Sciences, in 1976, we presented evidence 
which indicated that the human uterine decidua of 
pregnancy synthesizes a specific antigenic protein.’ In 
endometria from women with normal cycles, this pro- 
tein was detected in about 47% of the luteal phase spec- 
imens, but in none of the follicular-phase specimens, 
thereby suggesting that the antigen was a progesto- 
gen-dependent endometrial protein (PEP). Basic stud- 


ies related to PEP have been published elsewhere.” 3° » 


The present study was undertaken to determine 
whether the concentration of PEP in the human endo- 
metrium Is related to the developmental changes 
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Table I. Serum levels of P and E in women with 
normal cycles and in women 5 weeks’ to 
10 weeks’ pregnant 






Hormone levels 
Endometrial No. of P(ng/mi) 
status of donor* samples | Mean + SEF 


E(pglml) 
Mean + SET 





Proliferative phase 20 1.42 + 0.18 147 + 22 

Early secretory 8 3.24 + 0.55 165 + 24 
phase 

Midsecretory phase 18 9.20 + 1.50 231 + 39 


Early pregnancy (5- 27 
10 weeks) 


25.58 + 2.82 1,202 + 196 





* Determined by h:stologic examination of hematoxylin and 
eosin~stained sections of endometrium. 


TSE = standard error. 


within that tissue and/or to levels of endogenous pro- 
gesterone (P) or estradiol (E) to which that particular 
tissue has been exposed. 


Material and methods 


Human material. All specimens used in this study 
were obtained with the informed consent of the pa- 
tients who were treated at the Albany Medical Center 
Hospital, Albany, New York. Samples of endometrium 
were procured from 56 nonpregnant women, aged 20 
to 45 years, who underwent curettage or hysterectomy 
for pelvic disease, or who underwent both tubal liga- 
tions and curettage for sterilization. In addition, sam- 
ples of uterine decidua were obtained from 27 women 
who elected to terminate early pregnancy (5 to 12 
weeks) by menstrual induction. Besides specimens of 
tissue, samples of blood were collected along with the 
tissue from 46 nonpregnant and 27 pregnant women. 

A portion of each tissue obtained from women with 
normal menstrual cycles was promptly fixed in buf- 
fered formalin for routine histologic examination, and 
the remaining tissue was used for immunologic studies. 
The formalin-fixed tissues were embedded in paraffin, 
sectioned, and stained with hematoxylin and eosin by 
standard procedures. Sections of endometrial tissue 
were examined by light microscopy and broadly classi- 
fied as proliferative, early secretory, midsecretory, or 
late secretory phase, according to the guidelines de- 
scribed by Noyes and associates.* 

Uterine decidua were unavoidably contaminated 
with blood and fetal elements. To minimize these con- 
taminants, the tissues were processed as described 
“elsewhere.” 3 Portions of each tissue were used for his- 
tologic examination and for immunologic studies. The 
histologic examination of the processed decidua showed 
that they were comprised mainly of decidual cells, hy- 
persecretory glands, and a few placental villi. 
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Tissue cytosols were generated by homogenizing the 
tiss4es in cold (4° C) 0.05M Tris HCl buffer, pH 7.4, 


‘followed by centrifugation of the homogenates at high 


spe2d (110,000 x g, 90 minutes). The clear superna-° 
tancs or cytosols were aspirated and stored in aliquots 
at—20° C until used for quantitation of proteins dnd 
PEP. The samples of blood were clotted and cen- 
trifuged to obtain sera. The sera were stored at — 20° C 
unt:l used for the detection of PEP and quantitation of 
E and P. l 

Analysis of PEP. PEP was detected by Ouchterlony’s 
double immunodiffusion test and by rocket immu- 
noe.ectrophoresis with the use of antisera produced in 
rabbits against a preparation of PEP which was partially 
purcfied by concanavalin A-Sepharose chromatogra- 
phy and polyacrylamide gel electrophoresis (PAGE). 
As indicated elsewhere,? analysis of this PEP prepara- 
tion by PAGE revealed one major protein band con- 
taining the PEP and 10 minor protein bands devoid of 
PEP. Immunodiffusion tests demonstrated the presence 
of transferrin, alpha-1 antitrypsin, and ceruloplasmin in 
the partially purified PEP preparation.’ Before use, the 
antisera were absorbed with quality controlled male 
serum. The absorbed antiserum used in the present 
study reacted with the cytosols of the decidua of preg- 
nancy or of secretory endometria of women with nor- 
mal cycles, with the formation of a single diffuse pre- 
cipitn line corresponding to PEP. The antiserum did 
not react with adult male or female sera. The details of 
the procedures for purification of PEP, immunization 
of rabbits against PEP, and detection of PEP by double 
immanodiffusion test and rocket immunoelectro- 
phoresis have been described elsewhere.” * 5 The pro- 
cedure of rocket immuncelectrophoresis was also used 
to determine tissue concentrations of PEP. Briefly, 
glass plates (8.4 by 9.4 cm) were coated with 1% agarose 
in barbital buffer (pH 8.6, ionic strength 0.02) contain- 
ing the immunoglobulin fraction (0.57 mg per milliliter _ 
of agarose) of the absorbed antiserum. The immuno- 
globulin fraction was prepared by the addition of solid 
ammonium sulfate to the absorbed antiserum to 
achieve 40% saturation. A set of 14 antigen wells (4 to 5 
ul capacity) was punched in the agarose bed with an 
LKB well puncher (LKB Instruments, Hicksville, New 
York) and filled with test antigen solutions or graded 
amounts (20 to 320 ng) of reference antigen. The ref- 
erence antigen was partially purified from the decidual 
cytosol, as described previously.? The samples were 
electrophoresed for 4 hours at 8 V/cm at 4 to 7° C with 
the use of barbital buffer as the tank buffer and ,the 
LKB 2117 Multiphore and the LKB 2103 Power Sup- 
ply (LKB Instruments). After electrophoresis, the im- 
munediffusion plates were washed with saline solution, 
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Table II. Precision and sensitivity of standard curve 








for PEP | 
Evaluation i 
based on rocket height Precision 
and sensitivity 
20 0.45 17.9 4.9 
40 10 0.41 10.2 4.5 
80 8.3 0.48 5.8 5.3 
160 15.9 0.25 1.6 2.7 
240 22.3 0.65 2.9 7.1 
320 27.5 0.41 1.5 4.5 
*SD = standard deviation, 
TCV = coefficient of variation. 
and the immunoprecipitates were stained with | 


Coomassie Blue. A dose-response curve was generated 
by plotting the height of the rocket against the concen- 
tration of reference antigen, and sample values were 
interpolated from a straight-line dose response curve. 
The tissue concentration was expressed in terms of 
units per milligram of cytosol protein, one unit being 
equivalent to the tatal response obtained by | ug of 
reference PEP. The colorimetric method of Lowry and 
associates® was used to determine total proteins. 

Assay of serum E and P. Serum concentrations of E 
and P were measured by the conventional radioimmu- 
noassays with the use of highly specific antisera against 
E or P. Such antisera were produced in rabbits, using 
17a-progesterone hemiglutaraldehyde—bovine serum 
albumin and 17f-estradiol-3-0-carboxymethy]—bovine 
serum albumin as specific antigens for the production 
of anti-P and anti-E, respectively. These antisera were 
fully characterized” ê and supplied to us by Dr. P. N., 
Rao, of the Southwest Foundation for Research and 
Education, San Antonio, Texas. 

The statistical significance of the differences in the 
concentrations of PEP, E, or P was evaluated by Stu- 
dent’s t test, and corrections were made for unequal 
group size. A value of P smaller than 0.05 was consid- 
ered to be significant. 


Results 


On the basis of histologic examination, the 56 tissue 
samples obtained from nonpregnant women were 
classified as proliferative (N = 27), early secretory 
phase (N = il), and ‘midsecretory phase (N = 18). 
None of the 56 tissues was in the late secretory phase. 

The samples of serum were also designated as pro- 
fiferative, early secretory or midsecretory phase, after 
histologic classification of the donor endometria. These 
samples were analyzed for E and P by radioimmuno- 
assays. 
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Fig. 1. Detection of PEP by Ouchterlony’s double immu- 
nodifusion test. The peripheral antigen wells (clockwise from 
top) zontain cytosol of the uterine decidua of pregnancy and 
cytosol of the endometrium of the early secretory phase, the 
midsecretory phase, and the proliferative phase, and non- 
pregnancy serum and pregnancy serum. The center well con- 
tains anti-PEP. 


Tne results of hormone analysis, shown in Table I, 
demonstrate that the levels of P in the midsecretory 
phase (mean + SE = 9.20 + 1.50 ng/ml) were signi- 
ficaatly higher than those in the early secretory phase 
(3.24 + 0.55 ng/ml) or proliferative phase (1.42 + 0.18 
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ng/nl). However, the mean concentrations of E in ` 


there three groups of sera did not differ significantly. 
In “he pregnancy sera, the levels of both P (25.58 + 
2.82 ng/ml) and E (1,202 + 196 pg/ml) were sig- 
nificantly higher than the levels in the sera of women 
with normal cycles. 

Samples of sera and tissue cytosols were screened for 
the presence of PEP by Ouchterlony’s double-immu- 
nociffusion test. The results are shown in Fig. 1. As for 
the tissue cytosols, the presence of PEP was demon- 
streted in all 27 prepared from uterine decidua and in 
18 prepared from midsecretory phase endometria of 
women with normal cycles. In contrast, PEP could not 
be detected in cytosols of 27 endometria of the pro- 
liferative phase or 1] endometria of the early secretory 
phase. Also, PEP could not be detected in any of the 
noapregnancy or pregnancy sera. 
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Fig. 2. Quantitation of PEP by rocket immunoelectrophoresis. 
Dilutions of partially purified PEP electrophoresed in agarose 
gel containing immunoglobulin fraction of the anti-PEP an- 
tiserum. Immunoprecipitates stained with Coomassie Blue. 


Table III. Tissue levels of PEP in endometria of 
women with normal cycles and pregnant women 










Tissue concen- 








No. of tration of PEP 

specimens (Ulmg 
Endometrial! containing | cytosol protein; 
status of donor antigen (mean + SE) 





Proliferative phase 27 0 ND 
Early secretory phase 11 l l 
Midsecretory phase 18 18 54tB 
Early pregnancy 27 27 163 + 41 


(5 to 10 weeks) 


ND = Not detected. 

One unit = | wg of partially purified antigen. 

In subsequent studies, attempts were made to de- 
termine whether, in the individual women with normal 
cycles or pregnant women, the tissue levels of PEP bore 
any relationship to serum levels of P or E. A rocket 
immunoelectrophoretic technique was developed for 
quantitation of tissue levels of PEP. A standard curve 
was obtained with the use of quadruplicate aliquots that 
contained 20 to 320 ng of PEP (Table II and Figs. 2 and 
3). Sensitivity and precision were evaluated as sug- 
gested by Ekins and Newman? for each standard point 
of the curve, Although the data for precision would 
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Fig. £. Quantitation of PEP by rocket immunoelectrophoresis. 
Relationship between the peak heights and the amount of 
protein shown in Fig. 2. 


sugg2st sensitivity of 4.9 ng per assay aliquot, the co- 
efficient of variation at this level was too high (17.9%). 
For >ractical purposes, the sensitivity was 40 ng per 
assay aliquot, with a coefficient of variation of 10.2%. 
The precision over the range of 40 to 320 ng varied 
from 2.7 to 7.1 ng. Within this range, the intra-assay 
coefficient of variation was from’ 1.5% to 10.2%, and 
the interassay coefficient of variation was from 7.7% to 
15%. Analysis of samples of a decidual cytosol pre- 
pared by serial dilution of the cytosol with the assay 
buffer generated a curve which was parallel to the 
standard curve (results not shown). 

Ths assay was specific for PEP, since several known 
pregnancy proteins, including transferrin, ceruloplas- 
min, alpha-1 antitrypsin, ferritin, blastokinin, and 
human chorionic gonadotropin, did not react with the 
anti-FEP. PEP could not be detected in samples of 
serum by rocket immunoelectrophoresis. 

The results of analyses of tissue levels of PEP are 
shown in Table III. PEP could not be detected in the 
cytoscls of 27 tissues of the proliferative phase nor 10 
of the 11 tissues of the early secretory phase. In the 
cytosc] of one tissue of the early secretory phase, the 
concentration of PEP was very low (1 U/mg of cytosol 
protein). PEP was detected in all 18 endometria of the 
midsezretory phase and in all 27 uterine decidua of 
early pregnancy. Moreover, the levels of PEP in the 
uterine decidua (mean + SE = 163+ 41 U/mg of 
cytosol protein) were significantly higher than those in* 
the endometria of the midsecretory phase (54+ 8 
U/mg of cytosol protein). Comparison of serum levels 
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. of P (Table I) and endometrial levels of PEP (Table III) 
in groups of pregnant women and women in the mid- 
secretory phase of the menstrual cycle indicated that a 

e 2.8-fold increase in serum levels of P during pr egnancy 
was accompanied by a comparable (threefold) increase 

- in issue levels of PEP. 

The relationship between the detection (or non- 
* detection) of PEP and serum levels of E and P in indi- 
vidual women with normal cycles is illustrated in Fig. 4. 
The frequency of occurrence of PEP in the endome- 
trium was found to be very high (15 of 18, or 83%) 
when the serum level of P in the tissue donor was 5 
ng/ml or greater. In the majority of women with nor- 
mal cycles whose serum level of P was greater than 5 
ng/ml and‘ whose endometria contained PEP, the 
serum level of E was greater than 100 pg/ml. However, 
no other quantitative relationship was apparent be- 
tween serum levels of E and the detection of PEP in the 
endometria in the individual women .with normal 
menstrual cycles. 


Comment 


The findings of this study clearly demonstrate that a 
direct relationship exists between the tissue level of 
PEP in the endometrium and the serum level of P in 
pregnant women and in women with normal menstrual 
cycles. The occurrence of PEP in the endometria of 
women with.normal cycles was found to be related to 
high concentrations of serum P, but not of E, thereby 
suggesting that the endometrial synthesis of PEP is 
regulated mainly by progesterone and not by estro- 
gens. This suggestion is further strengthened by our 
recent observation that medroxyprogesterone acetate 
stimulates in vitro synthesis of PEP in explants of 
proliferative-phase endometria (unpublished observa- 
tions). Undoubtedly, estrogens may facilitate the syn- 
thesis of PEP in the endometrium by maintaining high 
levels of progesterone receptors in the target tissue.’ 
The present study, as well as the study previously re- 
ported by Moghissi and associates,'’ clearly demon- 
strates that progesterone can be detected in both the 
peripheral blood and endometrial tissue of women 

-© with normal cycles even during the preovulatory phase. 
We previously demonstrated that the endometria of 
the late proliferative phase incorporate small amounts 
of radioleucine into PEP.? Therefore, it is apparent 
that progesterone promotes the synthesis of PEP in the 
endometrium even during the preovulatory phase of 
the’ menstrual cycle, but in amounts too small to be 

«detected by the relatively insensitive techniques of im- 
mtnodiffusion. The present study demonstrates that 
during the menstrual cycle the level of PEP in the en- 
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Fig. 4. Relationship between the occurrence of PEP and 
serum levels of E and P in individual women with normal 
menstrual cycles. 


dometrium rises very rapidly shortly after the tissue 
has attained the early secretory developmental phase, 
and it continues to rise during early pregnancy. The 
endometrial cell type(s) involved in the synthesis of 
PEP has(have) not yet been identified. However, the 
detection of PEP in the tissues during the midsecretory 
phzse of the menstrual cycle and during early preg- 
nar:cy when the secretory activity of the glands is at its 
peak suggests that PEP is synthesized and secreted by 
the endometrial glands. Recently, we detected the 
presence of PEP in human amniotic fluid, thus indicat- 
ing again that PEP may be secreted by the endome- 
trium and transported to the amniotic sac. 

Very few progestogen-dependent proteins have been 
identihed in the human endometrium. Tseng and 
Gurpide! have shown that the activity of estradiol de- 
hydrogenase in the human endometrium is regulated 
by progesterone. Feigelson’ demonstrated a blasto- 
kinin-like protein in the luteal phase uterine washings 


. of women. In contrast, Voss and Beato" did not detect 


blestckinin in human uterine secretions. Shapiro and 
Forbes'® have reported that the synthesis of a specific 
endometrial protein is stimulated by the exposure of 
proliferative phase endometria to progestogens in vivo 
and in vitro. Sutcliffe and associates'* have described 
the presence of an alpha uterine protein (AUP) in 
human amniotic fluid and offered evidence that this 
protein is also to be found in the decidua. Our recent 
studies® strongly suggested that the PEP being investi- 


gated by us is related to the AUP described by Sutcliffe g 


ard associates. '® 
Recently, we developed a radioimmunoassay for PEP 
and detected and quantitated PEP in samples of pe- 
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ripheral blood from women in early pregnancy.* 
Quantitation of a hormone-dependent protein such as 
PEP may offer clinicians a means to monitor endome- 
trial development in high-risk pregnancies. 


*Unpublished cbservations. 
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Plasma estriol and its conjugates following oral and 
; vaginal administration of estriol to postmenopausal 
-wonien: Correlations with gonadotropin levels 


ISAAC SCHIFF 
DAN TULCHINSKY 
KENNETH J. RYAN 
Boston, Masachirai 
SUSAN KADNER 
MORTIMER LEVITŽ 
New York, New York 


A study was designed to compare the metabolic fate and the biologic effects of 4 mg of estriol (E3) 
administered either orally or vaginally to six postmenopausal women. Blood samples were collected 
every hour for 6 hours and five different estriol fractions as well as gonadotropins were measured. 
Vaginal E, administration resulted in a decline of 45% in luteinizing hormone (LH) levels and 17% in 
follicle-stimulating hormone (FSH) levels at 6 hours after treatment (p <0.05), In contrast, the 
administration of 4 mg of E, orally did not produce a decline of LH and FSH, despite the fact that 
the serum levels of E,-3-sulfate, E,-3-sulfate-16-glucosiduronate, estrio]-3-glucosiduronate; and 
estriol-16- -glucosiduronate were all fourfold to 24-fold higher after oral administration than after 
vaginal estriol administration. However, since the levels of uncon ligated E, were higher after the 
vaginal than after the oral administration of estriol, we conclude tnat only unconjugated E, 
suppresses gonadotropins. (AM. J. OBSTET. GYNECOL. 138:1137. 1980.) 


IN AN EARLIER REPORT from one of our laboratories, 


we have shown that estrogens administered vaginally 
are absorbed systemically and are biologically active.' 
We subsequently extended these studies and found 
that 0.5 mg of estriol (E) inserted vaginally in 
postmenopausal women caused the same minimal de- 
crease in the conceritration of serum luteinizing hor- 
mone (LH).as 8 mg given. orally.? Therefore, it can be 
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precicted that administration of 4 mg of E; orally will 
have little or no effect on LH values while the adminis- 
tration of an equivalent dose vaginally will have a 
dramatic effect. Tọ determine why the route of Ez ap- 
plication was critical for determining its biologic effect, 
we quantified and identified the various forms of Es 
found in the serum after the oral and vaginal adminis- 
tration of 4 mg of E4. 


Subjects and methods 

Six hypogenadal women visiting the menopause ~ 
clin.c, after signing informed consent, volunteered to 
parczicipate in this study. Two women (Numbers 3 and 
5), aged 50 and 65, were postmenopausal and four 
(aged 35, 51, 62, and 64) had previously undergone 
oophorectomy for benign gynecologic diseases. None 
had received any drugs or hormones for at least 2 
months prior to entering the study and all had vaso- 
mozor symptoms. = 

Fach patient was studied twice, once after receiving 4 
mg of E; orally and again, 4 weeks later, after having 4 
mg of E; dispensed in 2 ml of saline, placed in the 
vagina. Each study was always begun at 8:00 to 9:00 am 
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. Table I. Concentration of FSH in serum of subjects following oral (O) and vaginal (V) administration of E, 










-| Subject 1 Subject 2 Subject 3 Subject 4 `| Subject 5 Subject 6 | an + 
EVES EAE A RAEA SARA 


141.3 +|24.3 


Baseline 112 104 166 >200 >200 >200 122 184 44 72 88 88 120.3 + 22.4 
l =l- 48° —18 0 -36 -18 +80 -1l +9. -5 -36 -16 ~2.2 +176 -7.2+.40 
2 -18 +2 -13 +16 -28 -22 +80 -7 -2 -29 -46 +11 -4.8 +17.7 -3.2+ 6.4 
3 -30 -40 -1 . -22 —18 0 +80 -17 -2 -8 -36 -16 -1.6 +17.0 —17.4 + 5.3* 
4 “41 -12 -18 -28 -22 -18 +480 -22 -16 -20 -36 -16 -9.1 +18.0 —19.2 + 2.3* 
5 -2% -8 -I3 -28 -30 -24 +80 -il +9 0 -ll -l6 18+4164 -144+ 4.9% 
6 0 -17 -11 =32 =12 -12 +80 “0. -9 -8 -30 -Il 28+ 15.6 —13.5+44* 


Values are in milli—International Units per milliliter for baseline followed by percent change from baseline for 6 succeeding 
hours. 


*P <0, 05 (significant as compared to baseline values’. 


Table II. Concentration of LH ir. serum of subjects following oral (O) and vaginal (V) administration of Ey 


Subject I Subject 2 Subject 3 Subject 4 Subject 5 Subject 6 Mean + SE 
CIA ESPACI KAKALA CIEI MEM 













Baseline 29 36 60 84 96 70 88 47 50 26 27 45.5 + 7.0 63.5 + 12.0 
] -14 —17 -70 -2⁄4 +80 —24 0 --1 ~38 -4 -12 +4 -9.0+ 204 —14.8 + 4.9 

+3 -39 -26 -58 +71 -21 +3 -8 -l6 -16 -23 ~-23 20+22.2 -26.5 + 6.6* 

3 -17 -42 -32 -56 +100 -41 +3 -31 ~-40 -44 -45 -38 55222 —42.0 + 3.4* 

4 +66 -58 -37 -38 +70 -42 -25 -42 -32 -44 -46 -19 -0.3 +21.8 -40.5 + 5.1* 

5 +34 -39 -25 —8] ` +107 -41 -15 -52 ~40 -45 -23 -36 11.0 +22.2 —40.8 + 3.0* 

6 +86 -66 -30 ~—4& +114 -62 -28 -30 ~388 -45 -62 -38 16.8 +29.0 -48.3 + 5.6* 


Values are in mili-International Units per milliliter for baseline followed by percent change from baseline for 6 succeeding 


hours. 
*P < 0.05. 


after overnight fasting. Samples for determination of 
baseline blocd levels were drawn through an intrave- 
nous heparinized catheter twice before the drug ad- 


ministration and again every hour for 6 hours. Serum ` 


was separated and stored at —20° C until analyzed. 

LH and follicle-stimulating hormone (F SH) were 
measured by radioimmunoassay.? The various E; frac- 
tions were measured as follows. 

For unconjugated E; 2 ml of serum was extracted 
twice with 3 ml of ether. *H-E; (590 cpm) was added to 
the extracts, which were then eva porated. The extracts 
were dissolved in £ ml of water and extracted first with 
benzene-hexane (2 X 3 ml), then with ether (2 « 3 ml). 
The ether was evaporated, dissolved in benzene- 
methanol (85-15), and transferred to a column (10 by 
0.7 cm) of Sephadex LH-20 suspended in the same 
solvent. The E; was eluted with benzene-methanol 
(85-15) in the 4 to 6 ml cut. The solvent was evapo- 
rated, 1 ml of ethanol was added to the samples; and 
0.2 mil was taken for estimation of recovery. Appro- 
~ priate aliquots, ustially 0.2 ml, were submitted to radio- 
immunoassay as described.5 

The residual serum which remained following the 
extraction of the unconjugated estriol with ether, was 
assayed for the four major conjugates of estriol, namely, 


estriol-3-sulfate-16-glucesiduronate* (E3-SG),! estriol-3- 
sulfatet (E;-3S); estriol-16-glucosiduronate (E;-16G), 
and estriol-3-glucosiduronatet (E;-3G) as previously de- 
scribed.* The aliquots submitted to radioimmunoassay 
were adjusted so that the counts ver minute fell on the 
appropriate portion of the standard curve. The coeffi- 
cient of variation of these methods was less than 12%. 

Statistical analysis. The FSH and LH levels mea- 
sured at each hour after the E; administration were 
compared to those before treatment (baseline) and the 
percent change from baselirie was calculated. The 
mean levels during the oral and vaginal routes were 
compared by means of the paired t test.” 


Results 

The effects of oral and vaginal E; administration on 
serum FSH and LH levels are shown respectively in 
Tables I and II and in Fig. 1. The vaginal administra- 
tion of 4 mg of E; was associated 3 to 6 hours later. with 
a fall of 13.5% + 4.4% iSEM) to 19% + 2.3% (SEM) 


*178-Hydroxyestra- 1,3,5( 10)-trien-3- yl-sulfate-16a-yl-8-- 
gluccpyranosiduronate. 

+ 15a, 178-Dihydroxyestra- 1,3,5(10)-trien-3-yl-sulfate. 
_ #15e,178-Dihydroxyestra- 1,3,5(10)-trien-3-yl-B-p- eee 
uronate, 
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Fig. 1. The percent change in serum LH concentrations over 
6 hours following the oral and vaginal administration of 4 mg 
of Ez. 


(p < 0.05) in FSH levels and 40.5% + 5.1% (SEM) to 
48.3% + 5.6% (SEM) (p < 0.05) in LH levels. In con- 
trast, the oral E, administration had no effect on FSH 
and LH levels (p > 0.05). 

To elucidate the reasons for the differences in bio- 
logic activity exerted by the vaginal and oral Es, we 
have studied the metabolic fate of the administered E, 
in detail. Data on the concentrations of four different 
E; conjugates as well as unconjugated E, of one repre- 
sentative patient are presented in Table IH. Data on 
the conjugates of the other five patients were very simi- 
lar to those of this patient and are not presented. In the 
oral phase of the study, there was a prompt increase in 
the concentrations of all four conjugates in the blood. 
Throughout the 6-hour period E3;-16G and E3-3G ac- 
counted for greater than two thirds of the total E; mea- 
sured. However, a decline in the concentrations of 
E3-16G and a reciprocal increase in those of F,-3G re- 
sulted in a predominance of E;-3G at the later period. 
The concentration of E;-SG and E;-35 also declined in 
the latter 2 hours of the study, whereas the concentra- 


tions of unconjugated E; remained extremely low, 


never exceeding 0.031 ng/ml throughout the 6-hour 
study period. 

The serum E; profile after E; vaginal administration 
was quite different. The total concentration of Es in 
serum. after its vaginal administration was only about 
one tenth that observed after its oral administration 
(p < 0.05). The percent contribution of each form of 
E; to the total remained fairly constant throughout the 
6-hour period, with E;-16G predominating (Fig. 2). 
eHowever, the most striking differences were found in 
the concentrations of serum unconjugated (free) Fg, 
which were much higher after vaginal than after oral 
E; treatment. 

Since the important differences in the two modes of 
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ADMINISTRATION 


POST VAGINAL 
ADMINISTRATION 


Fig. 2. The distribution in serum of the various conjugates of 
E; as well as unconjugated E; (free) after the administration of 
4 mg of oral or vaginal E;. The mean total E, concentration 
during the 6 hours after its administration was considered as 
100%, and the mean percentages of unconjugated (free) E; 
and cf E,-3G, E3-16G, E3-35, and E;-SG are depicted. 


adm:nistration of estriol appear to be in the concentra- 
tions of unconjugated Ez, these data are presented in 
detail in Table IV. Within 1 to 2 hours after vaginal E; 
adm:nistration, serum unconjugated E, constituted 
approximately 30% of the total circulating Es and its 
contribution decreased to 15% to 17% in the next 4 
hours. In contrast, in three of the patients, during the 
first 5 hours after oral E; treatment, the unconjugated 
E, concentration did not exceed 1% of the total circu- 
laung E; and its concentration amounted to less than 
10% of that measured after vaginal E; treatment. Pa- 
tients 5 and 6 did have elevations of unconjugated es- 
triol at the sixth hour after treatment and this was 
reflected by a fall in LH. 


Comment 


The concept of administering E; to patients requir- 
ing estrogen replacement stems from two lines of inves- 
tigation. First, experiments with rats suggest that E; is a 
weak estrogen or even an estrogen antagonist.® ° Sec- 
ond, epidemiologic studies based on assays of urinary 
E; suggest that E may be protective against breast 
cancer.’® On close. scrutiny, conclusions based on both 
lines of investigation may be flawed. For example, in the 
rat chronically treated with Es, specific estrogen effects 
normally elicited by estradiol are observed.'! Moreover, 
studies have shown that E; can stimulate the growth of 
breast tumor cells maintained in culture.’ In the light of 
these apparent contradictions, we feel that further stud- 
ies on the effects of E, should be undertaken. 

In this study, we have confirmed that E; possesses 
bio.ogic activity in women. This is apparent from the 
prcmpt suppression of LH that followed vaginal Es 
administration. The corresponding decrease in FSH 
was less impressive, but these differences may be at- 
trituted in part to the incidental increase in FSH levels 
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Table III. Concentrations of different forms of E, in serum following the oral and vaginal administration 
of E, in Subject 1 












Route of 
administration 


Ora! OF 0.057 26 0.9 
l 2.1 18 1.8 
2 6.7 27 1.6 
3 2.4 19 1.7 
4 1.3 14 1.3 
5 1.4 9 1.7 
6 1.8 10 ha 

Vaginal Ot 0.22 81 0.006 
1 0.24 14 0.29 
2 0.25 14 0.40 
3 0.22 16 0.58 
4 0.16 14 0.26 
5 0.22 16 0.32 
6 0.17 13 0.20 


*Abbreviations of E, conjugates are in text. 
+Percent of total circulating Es. 
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C.103 47 0.061 28 <0.01 0.00 
6.0 4} 4.2 29 0.031 0.1 ° 

11.8 48 4.5 19 0.006 0.1 
5.4 42 3.4 26 0.00 0 
5.5 38 3.1 34 0.005 0.1 
5.9 38 5.4 42 0.014 0.1 
<9 28 9.5 55 0.015 0.1 
(1.025 9 0.027 10 <0.010 <50 
(1.61 35 0.17 10 0.46 26 
0.53 30 0.19 11 0.42 24 
0.43 32 0.16 12 0.23 16 
C.38 33 0.15 13 0.21 18 
C.44 32 0.21 15 0.21 15 
C.52 38 0.18 0.20 15 


Baseline concentrations just prior to administration of 4 mg of Es. 


Table IV. Concentrations of unconjugated E, in serum following the oral and vaginal administration 
of E; in five subjects i 






Subject 2 Subject 3 


Route of 
administration | Hour 


Oral OF 0 <0.1 19 22 0 
I 19 <0.1 29 <0.1 30 
Z 7 <0.1 6 <0.l 0 
3 8 <0.1 9 <0.1 16 
4 17 <0.1 l9 <0.1 19 
5 9 <0.1 56 =<0.1 52 
6 0 <01 10 <O1 21 
Vaginal OF 0 8 1.6 0 
1 143 17 839 27 248 
2 260 19 806 20 430 
3 $23 19 534 13 568 
4 292 20 546 18 391 
5 206 13 483 17 320 
6 173 13 555 20 215 


SSS9950 
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The mean represents the unconjugated E, for all six patients. 
*Contribution to the calculated total E3. The data for individual conjugates are not shown since they were similar to those 


those in Table ITI. 






Mean + SE 





0 <0.1 ll 6.5 5.0 + 3.3 4.8 + 3.6 
6 <0.1 98 03 35.5 + 13.1 0.1 + 0.03 
5 <0.1] 95 0.2 19.8 + 15.1 0.1 + 0.01 
6 <0.1 58 02 16.2 + 8.6 0.1 + 0.01 
2 <0.) 140 0.7 33.7 + 21.5 0.2+0.1 
124 0.5 373 32 104.7 + 56.0 0.7 + 0.5 
113 0.4 1,860 10.8 336.5 + 305.2 19+ 1.7 
0 0 3.0+ 1.9 0.3 + 0.2 
£63 1] 921 52 47.9 + 133.9 30.6 + 7.0 
474 14. 1.730 58 686.6 + 221.1 29.2 + 6.8 
£34 8 322 21 385.2 + 72.3 195+ 4.5 
193 7 230 15 310.2 + 35.6 17.7 + 2.7 
217 12 215 17 291.8 + 43.9 16.3 + 1.7 
242 8 173 13 259.7 + 60.0 146+ 1.8 


} Baseline concentrations just prior to administration of 4 mg of Es. 


observed in one patient (No. 4) as well as to the longer 
half life of FSH (3 hours) compared to that of LH (30 
minutes).!* Thus, studies of longer duration would be 
required to fully assess the influence of E; on serum 
FSH in postmenopausal women. 

The acute administration of vaginal but not oral Es 
elicited gonadotropin suppression, and this difference 
may be attributed to the different routes of E; trans- 
port and metabolism. While the absorption of E was 
rapid after oral or vaginal E; treatment, the total 
plasma concentration of E, in blood was higher after 


oral than after vaginal E administration (15 to 64 ver- 
sus 1.0 to 3.0 ng/ml). This may be only partially ex- 
plained by possible loss of some of the material from 
the vagina. Moreover, after oral Ea administration, the 
main circulating E; conjugates were E,-16G and E,-3G. 


Since the intestines are particularly rich in 3- and 16- | 


glucuronyl transferase activities, it appears that the 
bulk. of ingested E; was converted to the biologicab in- 
active estriol glucosidurcnates prior to transport to the 
blocd.'4 The findings of only minute amounts of un- 
conjugated and presumably biologically active E after 
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its oral administration may explain the lack of effect on 


« gonadotropins. A notable exception was Subject No. 6. 


The level of unconjugated E; in this patient rose after 
Ingestion of E; and at 6 hours after its administration 
the level reached 1,860 pg/ml, explaining the suppres- 
sior of the serum LH and FSH concentration. Her 


, medical history included no abnormality that could 


explain this unusual profile. 

In contrast, the vaginal administration of E; resulted 
in levels of unconjugated E which were comparable to 
those of the various E; conjugates (Fig. 2). Thus, vagi- 
nal insertion of Es permits the absorption of the pre- 
sumably active form of the hormone into the blood for 
transport to target tissues prior to its inactivation via 
conjugation (at the 3 and 16 positions) by enzymes re- 
siding in the enterohepatic system." It should be noted 
that because the metabolic clearance rate from blood of 
glucoconjugates is much faster than that of sulfoconju- 
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P~ 
gates, the plasma concentrations of the latter in blood 
were disproportionately higher.’ In all likelihood, only 
small amounts of the absorbed E, were sulfoconju- 
gated, whereas the bulk was glucoconjugated. 

In summary, we have demonstrated in a controlled 
study that E; is a biologically potent estrogen. We 
further demonstrated that, depending on the route of 
E, administration, one will find different metabolites in 
the plasma. However, it appears that the biologic activ- 
ity of E, as measured by suppression of gonadotropins 
is due mainly to the levels of unconjugated E; and not 
to the levels of the various conjugates. Because of the 
very effective conjugation of orally absorbed Ez, it ap- 
pears that larger doses of E, would have to be given 
orally than vaginally to achieve an equivalent effect. 
Whether estrogen replacement therapy with E, would 
be safer than or as effective as other estrogen prepara- 
tions remains to be established. 
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Results of a comparative study of the ovulation method {OM) and symptothermal method (STM) of 
natural family planning in Colombia are presented. Recruitment of volunteer couples began in 
August, 1976, and continued through December, 1978, during which time 566 couples were 
randomly assigned to one or the other of the two methods. The study included 3 to 5 months of 
training in the method assigned, after which the couples entered the follow-up phase of the study. 


They remained in follow-up until (1) they dropped out or (2) 


the study closed in June, 1979. Total 


dropout rates were high for both methods of natural family planning. One year after entry into the 
follow-up phase of the study, net pregnancy rates were 24.2% for OM users and 19.8% for STM 
users. Gross pregnancy rates were 29.2% for OM and 28.1% for STM. Differences in pregnancy 
rates between the two methods were not scat significant. (AM. J. OBSTET. GYNECOL. 


138:1142, 1980.) 


NATURAL METHODS of family planning are defined 
as techniques for achieving or avoiding pregnancy by 
observing naturally occurring signs and symptoms of 
the fertile and infertile phases of the menstrual cycle. 

Research in methods of natural family planning 
(NFP) started with the investigations of Ogino® and 
Knaus’ who described the basic principles of the so- 
called rhythm or calendar method based upon length 
of previous menstrual cycles. 


From ihe Department of Preventive Medicine, School of 
Medicine, Pontificia Universidad Javeriana. 
Supported ty Special Programme of Research in Human 


Reproducticn, World Health Organization, Contract No. 
H9-181-258. 


Received for publication April 4, 1980. 

Accepied August 18, 1980. 

Reprint requests: Dr. Jorge E. Medina, Pontificia 
Universidad Javeriana, Centro de Salud de San Ignacio, 


Transversat 5 #42-05, Bogota, D.E., Colombia, S anes 
America. 


*Present aadress: Department of Biostatistics, University 
.of North Carolina at Chapel H fil!, Chapel Hill, North 
Carolina. 


**Present address; Department of Obstetrics and 
Gynecology, Cedars-Sinai Medical Center, Los Angeles, 
California. 


1142 


As a result of better knowledge of the physiology of 
the menstrual cycle, more reliable indicators of the fer- 
tile phase were later developed. It has been postulated 
by NFP advocates that most women can now be taught 
how to determine the days of the cycle when concep- 
tion may result from intercourse. 

The two principal methods of NFP currently in use 
are zhe ovulation method (OM) and the symptothermal 
method (STM). The OM as used in this study was based 
upon the atlas published by Billings,” in 1973, which 
takes into consideration the detection of individual 
daily changing patterns in the cervical mucus. The 
STM as used in this study is based upon Thyma’s™ 
double-check method, which includes record keeping 
of the following items: (1) basal body temperature, (2) 
daily changing pattern in cervical mucus, (3) symptoms 
such as breast tenderness, low abdominal pain, or spot- 
ting prior to or during ovulation, and (4) length of the 
six previous menstrual cycles. 

The successful use of natural methods depends upon, 
ider.tification of signs and symptoms of potentially fer- 
tile days during the menstrual cycle and abstinence. 
from intercourse or genital contact during these days. 

Tere have been a few published studies on NFP in 


‘Colombia. Previous studies involving rhythm methods 
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revealed wide-ranging pregnancy rates. Between 1963 


‘and 1968, Guerrero and Lores® + carried out a study 
with the STM (calendar plus basal body temperature) — 


in Cali, Columbia. They observed 291 women for more 
than 7,072 menstrual cycles and reported a Pearl preg- 
nancy raté of 10 pregnancies per 100 woman years of 
eexposure. In 1968, Jaramillo-Gomez and Londono® 
reported their experience with 701 Colombian women 
who used the rhythm method exclusively. They re- 


ported a Pearl rate of 47 per 100 woman years of expo- : 


sure. Rice and associates"! reported on 117 couples in 
Colombia totaling 2,153 months of exposure on the 
STM. They calculated 19.3 pregnancies per 1,300 cy- 
cles (or 100 woman years). 

The dissimilar results found in Colombia and in 
other communities 1} 1» 14 with the OM and STM, 
plus the dearth of studies comparing the effectiveness 
of these methods, led the Colombian Government and 
Javeriana University to request the World Health Or- 
ganization to sponsor a comiparative study of the OM 


and STM of NFP. The unique feature of this study was . 


random assignment of volunteers into the OM and 
STM study groups. This procedure controls selectivity 
bias and seeks to balance the two groups with respect to 
variables which could make a difference in pregnancy 
rates, such as age, motivation, coital frequency, etc. 

The main objective of this study was to compare the 
use-effectiveness of the OM and STM, as determined 
by pregnancy rates, at specified time intervals. Second- 
ary objectives were to describe characteristics of volun- 
teers who entered training and characteristics of those 
couples who did and did not drop out of the study and 
to establish: reasons for dropping out. 

Statistical design of the study and analysis of the data 
were carried out by the Department of Biostatistics, 
University of North Carolina at Chapel Hill. 


Material and methods 


After a careful selection of well-trained teachers for 
both methods of NFP, promotion of the study began in 
August, 1976, by means of the mass media, lectures, 
distribution of pamphlets describing the study, and 
home visits. Two Cities, Bogota and Palmira, were se- 
lected as sites of the study. Recruiting of couples con- 
tinued through December, 1978, during which time 
566 couples had met eligibility requirements and were 
randomly assigned to one or the other of the two 
methods under study. Eligibility requirements in- 
cluded: physical examination of couple, women be- 
tween the ages of 18 and 39, couple not desiring preg- 
nancy in the next 2 years, accidental pregnancy not be 
viewed as a tragedy by the couple, reluctance to engage 
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in intercourse during fertile days of the cycle, evidence 
of a stable union, willingness to participate in the study 
for 12 'to 24 months and willirigness to practice the 
method assigned. 

At rendomization each couple was assigned to a par- 
ticular method and enrolled in a training program to 
learn cetails of that method, as well as record-keeping 
activitiss associated with it. The training program usu- 
ally lasted from 3 to 5 months. Volunteers who success- 
fully completed training in a nonpregnant state 
entered the formal study (follow-up phase). They re- 
mained in the follow-up phase until (1) they dropped 
out or (2) the study closed in June, 1979. While in the 
follow-up phase, volunteers were visited monthly by 
study personnel to determine pregnancy status, to dis- 
cuss problems i in using the method, aa to offer coun- 
seling as needed. 

Women in the study kept a daily record of mucus 
description, basal body temperature (STM users only); 
“symptoms” such as breast tenderness, and timing of 
sexual intercourse. These records were submitted to 
study personnel monthly for review as a basis for coun- 
seling. 


Results 


_ Characteristics of total participants. The main 
characteristics of randomized couples at the time of 
admission were as follows: mean age of women was 
27.2 years while the mean age of men was 31.8. The 
couples had, on the average, lived together for 6.5 
years and had 2.2 living children. Most of the couples 
had attained primary or secondary school education 
with relatively few having attended a iiniversity. Most 
of the couples were married Catholics. The women 
were generally not employed outside the home. About 
half of the couples wanted more children at some time 
in the future but not within the next 2 years. The other 
half wanted no more children. Eighty percent of the 
women and 70% of the men felt very strongly against 
having sexual relations during fertile periods of the 
cycl2. Should they become pregnant, however, 80% of 
the couples indicated that they could handle the preg- 
nancy without much difficulty. The couples reported 
having sexual relations an average of 7 times per 
month. 

Differences in characteristics of OM and STM 
groups. Mean values for nine characteristics of OM 
and STM couples in four distinct categories are shown 
in Table I. The categories are: total randomized, drop- 
outs during training, total entering follow-up, and 
dropouts during follow-up. 

Comparisons were made between means of OM and 
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Table I. Characteristics of total participants randomized, drepouts during training, total entering follow-up, 
and dropouts during follow-up, by method | 


Total randcmized . Dropouts during training aoe 
Characteristic 7 _2. STM 4. OM 5. STM 6. Total 


No. of participants 279 287 566* 149 176 325* 


Age of wife 26.94 27.5 27.2 26.4 26.7 2.6 * 
Age of husband 31.5  — 32.2 31.8 30.9 31.5 31.2 
No. of prior pregnancies 2.4 . 2.9 2.7 29 ” 29 2.6 
No. of living children 2.0 2.4 2.2 1.9 2.3 yay | 
Years living together 5.9 7.0 6.5 5.3 6.7 6.1 
Sex relations (No./month) 7.1 6.8 7.0 7.3 7.2 7.2 
Age at menarche _ 13.4 13.5 13.5 13.4 13.4 13.4 
Average length of menstrual cycle (days) 29.2 29.3 29.3 29.3 99.3 29.3 
Length of shortest cycle 27.1 27.0 27.1 27.5 27.0 27.2 


*Includes three women who became pregnant beforé'training began: 2 OM, I STM. 
+ Mean value. 


Table II. Number and percent of dropouts during training and follow-up phase by method and reason 


Training period _ Follow-up phase 


Total couples entering 979 287 566* 130 - 111 241 


Total dropouts: 149 (1007) 176(100%) 325* (100%) 86(100%) 82(100%) 168 (100%) 
Pregnancy ; 40 (27) 39 (221 79 (24) 32 (37) 25 (30) 57 (34) 
Lack of interest or dissatisfaction with method 40 (27) 48 (27: 88 (27) 23 (27) 21 (26) 44 (26) 
Relocation > 26 (17) 17 (10 43 (13) 5 (6) 10 (12) 15 (9) 
Violation of rules 11 (7) 32 (18° 43 (13) 1 (1) 1 (1) 9 (1) 
Vaginal discharge or mucus problems 11 (7) 3 (2) 14 (4) en a — 
Desire for prégnancy 6 (4) 8 (5) i4 (4) 18 (21) — 19 (23) 37 (22) 
Menstrual problems 3 (2) 10 (6) 13 (4) = 1 (1) l (1) 
Loss of partner 3 (2) 5 (3) 8 (3) 5 (6) 5 (6) 10 (6) 


Other . 9 (61 14 (8) 23* (7) 2 (2) — 2 (1) 


*Includes three women who became pregnant before training began: 2 OM, 1 STM. 
tPercentages are shown in parentheses. 


Table IXI. Net cumulative proportion of couples dropping out during first year following the beginning of 
training period, by reason for dropout and method 


Reason for dropout 


Voluntary withdrawal Involuntary withdrawal Relocation or LTF F 





Ordinal | Women exposed 
month | at start of month 


OM: ; . l 
l 277 0.022 -— — 0.014 0.007 — — 0.007 0.005 
3 257 0.199 0.058 0.014 0.090 0.018 — — 0.051 0.013 
6 157 0.532 0.148 0.021 0.257 0.026 0.029 0.010 . 0,098 0.018 
9 102 0.659 0.199 0.023 0.312 0.028 0.047 0.013 0.101 0.019 
12 75 0.721 0.222 0.024 0.343 0.031 0.047 0.013 0.109 0.020 
STM: | 
l 286 0.038 — — 0.031 0.010 — — 0.007 0.005 
3 248 0.238 0.052 0.013 0.143 0.021 — — 0.042 0.012 
d 6 142 0.605 0.133 0.020 0.301 0.028 0.112 0.017 0.059 0.014 a 
9 90 0.697 0.157 0.021 0.350 0.030 0.115 0.018 0.074 0.Q16 





12 _ 70 0.767 0,191 0.024 0.384 0.032 0.115 0.018 0.077 0.016 


*Lost to follow-up. 
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ar 111 82 168 
97.5 86 28.0 a 28.3 27.6 
32.1 33.4 32.7 31.0 32.9 31.9 
2.5 9,9 9.7 9.4 2.9 9.6 
9.1 94 2.3 2.0 9.4 9.2 
6. 7.5 7.0 6.3 73 68 
6.8 6.3 6.6 7.3 6.5 6.9 
13.4 13.7 13.5 13.3 13.6 13.5 
99.0 29.4 29.2 29.1 29.5 29.3 
96.6 27.2 96.9 26.6. 27.3 27.0 


STM couples in each of the four cátegories for each of 
the nine variables except length of shortest cycle. With 
regard to thẹ total randomized category, significant 
differences between OM and STM couples were found 
for three variables: number of prior pregnancies, 
number of living children, and years living together 
(see columns 1 and 2). With regard to the “dropouts 
during training” category, significant differences be- 
tween characteristics of OM and STM couples were 
found for the same three variables: number of prior 
pregnancies, number of living children, and years liv- 
ing together (see columns 4 and 5). In other words, the 
STM couples who began training had lived together 
longer than OM couples on the average and had more 
children. However, during the training period, this ex- 
cess of STM couples living together longer and with 
more children vanished. The result was that there were 
no significant differences in means of OM and STM 
couples entering the follow-up phase (columns 7 and 
8). Similarly, no significant differences were found be- 
tween means of OM and STM couples who dropped 
out during the follow-up phase (columns 10 and 11). 
Reasons for dropout during training and 
follow-up phase. 


Training pericd. The dropout rate was unexpectedly | 


high—57% of trainees—during the training period of 3 
to 5 months. Principal reasons for dropout were lack of 
interest or dissatisfaction with the method, pregnancy, 
relocation, and violation of rules. Details are shown in 
Table II. 

Follow-up phase. During the course of the study, 241 
couples successfully completed training and entered 
the follow-up phase. At the close of the study 73 
couples were still practicing the method assigned to 


‘them. Reasons for dropout were recorded for the 168 


couples who dropped out during the follow-up phase 
and are shown in Table II. Pregnancy was the leading 
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oe 
cause of dropout, followed by lack of interest or dis- 
satisfaction with the method and desire for pregnancy. 


Cumulative dropout rates 


This section is concerned with cumulative prob- 
abilities of dropout for various reasons during the first 
year measured from two points in time: (1) beginning 
of the training period and (2) beginning of the follow- 
up paase following successful completion of training. 
Rates shown in this section (except for the Pearl index) 
are life-table rates and the method employed is basi- 
cally the approach described by Potter.** ' In the 
preparaticn of life tables, allowance was made for four 
types of decrement: pregnancy, voluntary withdrawal, 
involuntary withdrawal, and relocation or lost to 
follaw-up. Pregnancy was diagnosed by study man- 
agement at Javeriana University. Voluntary withdrawal 
covered a variety of reasons, including lack of interest, 
dissatisfaction with the method, desire to become 
pregnant, menstrual problems, etc. Involuntary with- 
drawal usually meant termination by study manage- 
ment due to protocol violations. Relocation or lost to 
follcw-up meant moving out of the area or otherwise 
becoming impossible to find. 

Cumulative dropout rates measured from begin- 
ning of training. The multiple-decrement life-table 
approach by definition allows for the presence of com- 
peting risks. “Net” rates of pregnancy, voluntary with- 
drawal, involuntary withdrawal, and relocation or lost 
to follow-up are additive, and their sum is the dropout 
rate for all reasons. “Gross” pregnancy rates are useful 
for estimating what the pregnancy rates might have 
been with the assumption that there was only a single 
cause of decrement (pregnancy) and that all competing 
risks (voluntary withdrawal, etc.) were nonexistent. In 
the absence of competing risks, all women remain ex- 
posed to the risk of pregnancy until it occurs. 

Net cumulative proportions of couples dropping out 
(acd standard errors) for each of these four reasons 
and for all reasons combined, are shown in Table III by 
3-month intervals. 

Total dropout rates at the end of 12 months follow- 
ing enrollment in training were high for both OM and 
STM couples. Table III shows that 72.1% of OM users 
and 76.7% of STM users had dropped out by the end 
of the first year following the beginning of training. 

Voluntary withdrawal was the major reason for 
d-opout among users of both methods. Among OM 
users, 34.3% of couples voluntarily dropped out dur-~ 
ing the first year compared with 38.47% of STM users. 

Pregnancy was the next most important reason for 
dropout during this 12-month period. The net preg- 
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Table IV. Net cumulative proportion of couples dropping out during first year of follow-up, by reason 


for dropout and method | 









Ordinal | Women exposed 


Voluntary withdrawal Involuntary withdrawal | Relocation or, LTF* 


Reason for dropout 


OM: 
l 130 0.023 — —_ 0.015 0.011 —_ — 0.008 0.008 
3 117 0.169 0.085 0.024 0.052 0.021 0.008 0.008 0.015 0.011 
6 89 0.317 0.147 0.030 0.132 0.029 G.016 0.011 0.023 0.013 
9 72 0.434 0.197 0.034 0.191 0.035 0.016 0.011 0.031 0.015 
12 47 0.601 0.242 0.039 0.303 0.042 0.016 0.011 0.040 0.018 
STM: 
1. lil 0.009 — _ 0.009 0.009 — — — — 
3 106 0.108 0.036 0.018 0.024 0.021 — — 0.018 0.013 
6 83 0.309 0.09] 0.027 0.1€4 0.036 0.018 0.013 0.036 0.018 
9 66 0.440 0.138 0.033 0.230 0.039 0.018 0.013 0.055 0.022 
12 50 0.530 0.198 0.040 0.260 0.041 0.018 0.013 0.055 0.022 
*Lost to follow-up. 
Table V. Pearl pregnancy rates by method 
Woman months | Peari Woman months | Pearl 
Time Pregnancies of exposure rate | Pregnancies of exposure rate 
One year from. beginning of training 1,957 37.2 54 1,882 34.4 
One year from beginning of follow-up phase oo 1,054 33.8 21. 969 26.0 


nancy. rate was 22.2% for OM users and 19.1% for 
STM users. This difference is not significant.* The 
12-month gross pregnancy rate was 33.6% among OM 
users and 33.0% among STM users. This difference is 
also not significant. 

Relocation/lost to follow-up rates were relatively low 
for both OM and STM users— 10.9% for OM and 7.7% 
for STM. Dropout rates because of involuntary with- 
drawal were 4.7% for OM users and 11.5% for STM 
users. , 

It should be emphasized that the dropout rates 
shown in Table III reflect what happened during the 


12-month interval measured from the beginning of 


training. It includes the entire training period for all 
women and, for some women, several months of expo- 
sure following successful completion of training. 
Cumulative dropout rates measured from begin- 
ning of follow-up phase. Net cumulative proportions 
of couples dropping out (and standard errors) for rea- 
sons of pregnancy, voluntary withdrawal, involuntary 


*The test statistic used was: 
z= P, =P, /V (SE)? + SE} 


where P, and P, are cumulative pregnancy rates of the two 
groups (OM and STM) and the SEs are standard errors of the 
respective cumulative pregnancy rates. 


withdrawal, and lost to follow-up are shown in Table 
IV by 3-month intervals. 

Total dropout rates at the end of 12 months follow- 
ing entry into the formal study were slightly higher for 
OM than STM users. Table IV shows that 60.1% of 
OM users and 53.0% of STM users had dropped out by 
the end of the first year from the beginning of the 
follcw-up phase. 

Voluntary withdrawal was again the major reason for 
dropout among users of both methods. Among OM 
users, 30.3% voluntarily dropped out during the first 
year compared with 26.0% of STM users. 

Pregnancy was the next most important reason for 
dropout during this period. The 12-month net preg- 
nancy rate was 24.2% for OM users and 19.8% for 
STM users. This difference is not significant. The 12- 
month gross pregnancy rate was 29.2% for OM users 
and 26.0% for STM users and, again, the difference is 
not significant. 

Re‘ocation/lost to follow-up rates were 4.0% for OM 
users and 5.5% for STM users. Dropout rates because 
of involuntary withdrawal were negligible for users of 
both methods. A 

Pearl pregnancy rates. Pearl pregnancy rates are 
very common in the literature of family planning stud- 
ies, a.though, in general, they have limitations which 
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life-table methods do not have. For purposes of com- 
* parison Pearl rates are presented in Table V for the 
j2-month period following the beginning of training 
and for the 12-month period from the beginning of the 
follow-up phase for each of the two methods of NFP. 
The rates are based on the following formula: 


oe _ __Number of pregnancies x 1,200. 


Woman months of exposure 


This formula expresses pregnancy rate per 100 woman 
years of exposure. 

Measured from the beginning of training, the Pearl 
pregnancy rate was 37.2 pregnancies per 100 woman 
years of exposure for OM users’and 34.4 for STM 
users. Measured from the beginning of the follow-up 
phase, the Pearl rate was 33.8 pregnancies per 100 
woman years of exposure for OM users and 26.0 for 
STM users. 

The results of this study show relatively high preg- 


nancy rates for both OM and STM users and no sig-, 


nificant difference between them. Total dropout rates 
during training and follow-up were also high. 

The pregnancy rates of this study are within the 
ranges found in some studies of NFP® " but are higher 
than rates for OM recently published by Klaus and 
associates and Ball’ and also higher than rates for 
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STM recently published by Rice and associates," 
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Natural methods are behavioral methods, and the 
use-effectiveness rates are probably related directiy to 
the degree of motivation of the couple to observe coital 
abstinence and to follow the instructions of the 
metkod. | 

The results of this study indicate that these two 
methods of NFP cannot be considered as simple meth- 
ods of family planning but as a new way of life which 
requires changes in sexual behavior that cannot be 
achieved in a short period of time. Couples who par- 
ticipated in this study had various reasons for doing so. 
Their reasons varied from moral, philosophical, medi- 
cal, and psychological to the simple desire of avoiding . 
artificial means of contraception. The degree of moti- 
vation toward following periodic abstinence is related 
to cultural factors that make abstinence difficult to 
practice in Colombia. 

The results of this study raise serious questions about 
the demand, effectiveness, and place of NFP in Col- 
ombia. Nevertheless, since there are some couples who 
can successfully use these methods, they should be pre- 
senzed with frank recognition of the limitations as well 
as the advantages of the methods as alternatives in the 
feld of family planning. 
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Early primary diagnosis of ovarian cancer and 


detection of recurrence by serum cystine 


aminopeptidase assay 


DIMITRE KALINKOV 
RUDOLPH BUCHHOLZ 
Marburg, West Germany 


The aim of this study was to correlate the relationship between serum cystine aminopeptidase 
(CAP) activity in normal patients and that in patients with primary ovarian cancer or recurrence. 
Sera obtained from 63 patients and evaluated for CAP activity ky the method of Babuna and 

Yenen' were grouped as follows: in 20 normal, nonpregnant patients, the mean activity was 25; in 
14 patients with fibromas of the uterus, it was 38; in two patients with ovarian sarcoma, the activities 
were “normal” (24 and 27); and in 27 patients with primary ovarian adenocarcinoma or recurrence, 
the activity corresponded to the size of the tumors. Assay of serum CAP activity is a simple 
procedure which can be performed in any laboratory. It is a quick method for qualitative, and even 
quantitative, assessment of an ovarian adenocarcinoma in the nonpregnant patient. It may prove to 
be especially valuable in the follow-up of patients with ovarian cancer. (AM. J. OBSTET. GYNECOL. 


138:1148, 1980.) 


THE PROGNOSIS for ovarian carcinoma remains gen- 
erally dubious in spite of all advances in treatment. The 
most important reason for this is the absence of meth- 
ods of early detection, such as are available for carci- 
noma of the cervix. Diagnosis of (International Feder- 
ation of Gynaecology and Obstetrics) Stage IA ovarian 
carcinoma is still rare; in more than half of all cases, 
diffuse peritoneal carcinosis is present before treat- 
ment is begun. 

Numerous authors” *47*® 1% 1 have tried to identify 
and quantify tumor-specific substances in blood, urine, 
or homogenized specimens of tumor tissue. In 1977, 
Blum and Sirota? observed elevated levels of cystine 
aminopeptidase in the urine of patients with uterine 
fibromas, and even higher levels in women with ovar- 
ian adenocarcinoma, in comparison to values in healthy 
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women. On the other hand, cystine aminopeptidase 
activity rises in pregnant women,’ exceeding the high- 
est levels observed in healthy nonpregnant women by 
the twelfth week of gestation. 

Tne aim of this study was to measure the activity of 
cystine aminopeptidase in serum, thus bypassing renal 
variables. The values were related to the mass of the 
tumor. | 


Material and methods 


Sera were obtained and evaluated for cystine ami- 
nopeptidase activity from 63 patients grouped as fol- 
lows (Table I). There were 20 normal, nonpregnant 
patients (28 to 70 years old). Fourteen patients had 
fibrcmas of the uterus (mean diameters, 9 cm to 15 
cm). Two patients had ovarian sarcoma. Twenty-seven 
patients had primary epithelial ovarian cancer or a re- 
currence: serous cystadenocarcinoma (17); mucinous 
cystadenocarcinoma (three); endometrioid adenocar- 
cinoma (one); and undifferentiated carcinoma (six). 

We used the method of Tuppy and Nesvadba’? mod- 
ified by Babuna and Yenen! for evaluating cystine 
aminopeptidase serum activity. It is a relative simple 
colorimetric procedure based upon the hydrolysis qf 
L-cystine-di-8-naphthylamide by the serum aminopep- 
tidase with production of B-naphthylamine, a colorless 
product. | | 
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Fig. 1. Cystine aminopeptidase activity in cases of ovarian adenoneoplasm or relapse. 


Table I. Cystine aminopeptidase activity in healthy, nonpregnant patients, patients with fibroma of the uterus, 


and patients with ovarian adenoneoplasm or relapse 


Normal nonpregnant patients 20 


Patients with Abromas of uterus 


Patients with ovarian adenoneoplasm or relapse: 
Tumor mass ` 
3 cm 
6 cm 
Diffuse relapses 


Diffuse primary tumors l 


Results 


We obtained the following values (Table I). The 
healthy, nonpregnant patients had a mean serum cys- 
tine aminopeptidase value of 25. Neither patient with 
sarcoma had elevated activity: 24 and 27. The enzyme 
activity in the patients with fibromas was slightly en- 
hanced at 38. The highest levels occurred in patients 
with the largest fibromas. In patients with ovarian epi- 
thelial cancer the serum cystine aminopeptidase activity 
corresponded to the mass of the tumors. In a case of 
ovarian carcinoma 3 cm in mean diameter, which was 
found by chance during vaginal hysterectomy, the en- 
zyme activity was 49; in four cases of recurrent tumors 
6 cm in mean diameter, it was 62; in five cases of recur- 
rent tumors 9 cm in mean diameter, it was 71; and in 
five cases of diffuse recurrent tumors, it was 92. 

In 12 patients with a primary, untreated epithelial 
cancer of the ovary with diffuse peritoneal carcinosis, 
we observed a mean enzyme activity of 108. 

Thus, the enzyme levels were proportional to the 


25 10-4] 11 
38 21-54 12 
49 - — 
62 47-78 12 
92 69-123 20 
108 73-155 24 


mass of the tumor (Fig. 1). The relationship can be 
expressed as the function 


y = 4.5x + 36 


where y is the mean serum cystine aminopeptidase ac- 
tivity, and x is the mean tumor diameter in centimeters. 

Cystine aminopeptidase activities after therapy. 
Eleven of our 13 patients with primary tumors under- 
went total hysterectomy plus bilateral adnexectomy. 
The other two patients and the 14 patients with recur- 
rent tumors received cytostatic treatment. The cystine 
aminopeptidase activity decreased in the first group 
from a preoperative mean value of 102 to 58 at 5 days 
pos:operatively, to 37 after 10 days, and to 31 after 3 
mor.ths. In the second group, 12 of the 16 patients had 
a decrease in the enzyme activity of about 20% to 30% 
of the initial values at 2 days after termination of cyto- 
static treatment (12 gm of cyclophosphamide in 6 
weexs). In the other four patients, the enzyme values 
increased even more; these tumors were not influenced 


x 150 Kalinkov and Buchholz 


wm 


by cytostatic treatment, so that, clinically, we observed 
tumor extension. 


Comment: 


Serum cystine aminopeptidase activities in excess of 
40 should be regarded with suspicion.’ In fact, only 
three possibilities exist which can explain such eleva- 
tions in the nonpregnant patient: (1) a fibromatous 
uterus, which must have a mean diameter greater than 9 
cm to account for such enzyme levels, and is easy to 
diagnose clinically; (2) an adenocarcinoma of an extragent- 
tal organ (Epithelial tumors of the stomach, colon, gall 
ducts, and pancreas have been known to produce con- 
siderable amounts of peptidases on occasion,” but 
mostly leucine aminopeptidase. An increase in cystine 
aminopeptidase activity in extragenital tumors has not 
yet been observed, to our knowledge. Since this cannot 
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be excluded a priori, these organs should be checked in 
the event the third possibility can be excluded.); and (3) 
an adenocarcinoma of the ovary. 

Although not absolutely specific, the assay of serum 
cystine aminopeptidase is a very sensitive methed for 
early detection of adenocarcinoma, especially in the 
ovary. We believe that this assay should be used in the 
primary diagnosis and in the follow up of such tumors. 
The development of a simpler assay which is commer- 
cially available is still being awaited, 

In cases of elevated peptidase activity which cannot 
be explained by pregnancy or a fibromatous uterus, 
we recommend diagnostic laparoscopy, possibly with 
biopsy, even when palpatory findings are negative. 

Later, an understanding of cystine aminopeptidase 
activity can be a factor in prompt initiation of surgical 
or cytostatic treatment in case of recurrence. 
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Oral contraceptives are associated with serious untoward effects and have been proscribed for. 
women over 35 years of age. It was thought that the use of a natural estrogen (pellets of 25 mg of 
176-estradiol) implanted in descending doses (four, three, two, one) at 6-month intervals might 
cause less disturbance in metabolic parameters and side effects. Our experience with this regimen 
encompasses 18,480 cycles or 1,540 woman years. The corrected Pearl Index was 0.273, which 
compares favorably with other modes of conception. control. Pelle: implants proved to be quite 
acceptable to those who could not tolerate oral contraceptives. (Au. J. OBSTET. GYNECOL. 


138:1151, 1980.) 


ORAL CONTRACEPTIVES remain the most effective 
tool yet devised for the contro! of conception. How- 
ever, there are many women who do not tolerate oral 
contraceptives, are not candidates for and do not want 
an intrauterine contraceptive device, and prefer some 
method other than mechanical barriers. Then, again, 
several authoritative bodies believe that it is prudent to 
limit the use of oral contraceptives to women under 35 
years of age because of the rise in mortality gures for 
oral contraceptive users over that age.’ 

Emperaire and Greenblatt? reported that four pellets 
of 17B-estradiol (25 mg each) implanted subcutane- 
ously at 6-month intervals provided excellent control of 
conception.” Because of earlier experiences in which 
ovulation was successfully suppressed by the use of oral 
conjugated estrogens in a monthly step-down fashion, 
i.e., 5 mg, 3.75 mg, 2.5 mg, 1.25 mg,’ we decided to try 
a similar scheme; the number of pellets were reduced 
every 6. months, i.e., four, three, two, one.’ Of course, it 
is mandatory that an oral progestogen be employed for 
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7 to 10 days each month in order to induce orderly 
periods of uterine withdrawal bleeding. 


Malerial and methods 

The pellets were implanted subcutaneously into the 
abdomen, one inch above and parallel to Poupart’s lig- 
ament. A total of 490 sexually active women of repro- 
ductive age, 60% of whom were under 35 years of age, 


participated in this study; 410 returned for three pel- 


lets, 351 for two pellets, and 295 stayed on for the full 
course. Most of the women in this latter group con- 
tinued at the one-pellet level every 6 months for a pe- 
riod ranging from 1 to 8 years. Table I shows that our 
exper-:ence encompassed 18,480 cycles or 1,540 woman 
years. The age distribution is given in Table II. 

Phy:zical examinations, including blood pressure and 
weigh:, were performed every 6 months. Blood for 
testing with the SMA-18 was drawn at the start and at 
yearly intervals. Biopsy specimens of endometrium 
were obtained at varying intervals to study histologic 
changes and also whenever abnormal bleeding oc- 
curred. Hormone assays were performed in selected 
patienss. 


Results 


Endometrial studies. Because of a belief that con- 
tinuou: administration of estrogen is conducive to en- 
dometrial cancer, we obtained one or more biopsy spec- 
imens of endometrium in 148 women before and/or 
after a course of progestogen at varying intervals of 
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Fig. 1. Note that serum levels of estrone and estradiol are maintained within physiologic levels on one 


pellet of estradiol every 6 months. 


Table I. Step-down course of estradiol pellet 
implants in 490 females 








4 490 2,940 

3 410 2,460 205 

2 351 2,106 175.5 

l 295 10,974 914.5 
1,540.€ 


18,480 


time over a l0-year period (mean, 3.4 + 1.9 years) 
(Table III). In addition, we performed 20 biopsies in 
17 women who experienced hypermenorrhea (exces- 
sive withdrawal periods) or menorrhagia (break- 
through bleeding). The mean length of time after be- 
ginning the implantation of the pellets was 3.0 + 2.4 
years (Table IV). Most of the patients were on a 5-day 
course of progestogen (either 5 mg of norethindrone 
or 10 mg of medroxyprogesterone acetate). Whenever 
we encountered any form of hyperplasia, the duration 
of administration of progestogen was increased to 7 to 
10 days and sometimes 13 or 14 days. The je frequency of 


Table II. Incidence of abnormal uterine bleeding 
in 490 women on hormone therapy 





<20 : 24 — . — 
20-24 | 82 l 0 
25-29 95 ] ne 
30-34 94 J l 
35-39 134 a 4 3 
40-44 61 5 1 
Total 490 10 s 


hyperplasia declined rapidly and none was found by the ` 


fourth biopsy. Two hundred sixteen endometrial biop- 
s} specimens, obtained by suction curettage, were avail- 
able for. study (Table V): Of the two women who had 
adenomatous hyperplasia, one responded to increased 
doses of the progestogen with a change to a secretory 
endometrium; the other. opted for hysterectomy. 
‘The histopathologic characteristics of endometria of 
uteri from 78 women in this series of 490 was studied. 


' Only one case of adenomatous hyperplasia was found 
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Table III. Intervals and frequency of endometrial biopsies for routine histologic study 





First 148 6 28 2 
Second 34 — 1] 6 z E 3 T i 2 

* Third ll — 2 -l 3 W 2 ~ 3 — l 
Fourth _3 irs = ak = l al a = ses = 
Totals 196 9- 19 35 25 27 32 19 2] 4 5 





First 2 
Second 5 — 
Totals 20 2 


oom ro 


i 
4 














Moderate Adenomatous 






hyperplasia hyperplasia 
First 165 44 7 2* 
Second 37 rf 11 i 4 — 
Third 11 3 5 2 l — 
Fourth _ 3 I 2 — —_ = 
Totals 216 84 — 62 56 12 2 





*One woman with adenomatous hyperplasia opted for hysterectomy. By increasing the length of time of progestogen adminis- 


tration from 5 to 10 days or longer, further occurrence of hyperplasia was prevented in those who had exhibited such. 


(Table VI). In all, 294 endometria were evaluated and 
none revealed malignant change. 

Indications for hysterectomy. Hysterectomy was 
performed in 78 women. The mean time that elapsed 
from onset of therapy ranged from 3.6 years in the age 
group 30 to 34 years to 5 years in the age group 40 to 
44 years (Table VII). The indications for hysterectomy 
were abnormal uterine bleeding (nine); adenomatous 
hyperplasia (one); fbromyomas (eight); and a palpably 
enlarged ovary (two). Surgical procedures in the other 
58 women were performed for varying reasons: repair 
of rectocele or cystocele (17); adenomyosis, (nine); 
uterine descensus (nine); chronic hypertrophic cer- 
vicitis (four); endometriosis (six); chronic pelvic con- 
gestion and pelvic pain (three); chronic pelvic inflam- 
matory disease (three); and a desire for permaneni 
control of conception and continuation of estrogens 
without the fear of developing uterine or cervical 
malignancy in the future (seven). 

Influence of pellet implants on metabolic parame- 
ters. Reports have appeared which purport to show 
that oral contraceptives adversely influence weight, 
blood pressure, glucose, and lipid metabolism. Table 


Table VI. Histopathologic findings in the 
endometria of 78 patients who underwent 
hysterectomy 







Adenomatous 


hyperplasia 






Proliferative 





53 14 4 | l 


VIII ilustrates the average increase, decrease, and 
mean change in these parameters. The data show slight 
increases in all areas. Computerized statistical scatter- 
grams for triglycerides, cholesterol, weight, glucose, 
and blood pressure revealed that there was no marked 
variation, and that overall mean change was slight. Our 
experience parallels that reported by Lobo and associ- 
ates,® at the University of Southern California, on the 
effects of subdermal estradiol implants. They con- 
cluded that, “Unlike orally administered natural or 
ethinyl estrogens, parenteral estrogen replacement by 
E, pellets has minimal effects on hepatic proteins and 
serum lipids.” Actually, their report indicates that 
high-density lipoproteins improved, and that overall 
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Table VII. Age and indications for hysterectomy in 78 women 


Mean yr on 


Abnormal 


bleeding 


No. of 
hysterectomies 


therapy (range 
of 6 mo to 10. yr) 





30-34 
35-39 
40-44 
Total 


D |i NO 09 


Adenormatous 


hyperf-lasia 





= 19 

l 5 — ae T 
= = 2 16 

8 2 58 


*Cystocele/rectocele (17); adenomyosis (nine); uterine descensus (nine); chronic hypertrophic cervicitis (four); endometriosis 
(six); chronic pelvic congestion and pelvic pain (three); chronic pelvic inflammatory disease (three); requested hysterectomy to 


eliminate possible cancer in the future (seven). 


Table VIII. Increase, decrease, and mean change 
in metabolic parameters in 490 patients while on 
pellets of 176-estradiol 


Average | Average 
Data increase | decrease | Mean change 





Weight (lb) 10.0 8.9 +1.1 

Triglycerides (mg/dl) 62.1 59.2 +29 

Cholesterol (mg/dl) 28.1 26.7 + 1.4 

Glucose (mg/dl) 18.8 17.0 +1.8 

Systolic blood pressure 20.1 18.3 +1.8 
(mm Hg) 

Diastolic blood pressure 12.6 11.1 +1.5 
(mm Hg) 


Table IX. Pregnancy rate in 490 fertile women 
receiving estradiol pellet implants 


No. of 
porien ae 


490 18,480 1,540 4% 0.273 


*Two other pregnancies occurred during the first month 
of therapy: one patient, it appears, was pregnant.prior to 
implantation of the pellet, and the other conceived a few days 
after implantation of the pellet. 


cholesterol, triglycerides, and low-density lipoproteins 
were unchanged. 

Coagulation studies were done on 11 patients at ran- 
dom, and no marked changes in antithrombin III were 
seen. In a battery of tests, levels of factor VIII were 
raised, but no increase in platelet adhesiveness was 
found. Prothrombin time, partal thromboplastin time, 
platelet count, fibrinogen, and- factors II, VII, X were 
within the normal range for cur laboratory.* 

Untoward effects. Seven women experienced bouts 
of menorrhagia. The abnormal bleeding was readily 


*Courtesy of Dr. Charles Lutcher, Department of Hema- 
tology, Medical College of Georgia. 


Table X. Interval between discontinuation of pellet 
therapy and pregnancy 






Patients 


30 Desiring 


pregnancy* 

l Not desiring 1 — — — l 
pregnancy = Ses = D = 
Totals 25 8 15 l l 


*Six conceived after Clomid and two after Clomid with hu- 
man chorionic gonadotropin. Four who have not conceived 
have been under observation for an average of 8 months; in 
two others the prospects are poor because of a very low sperm 
count. 


arrested by the administration of two tablets of the 
oral progestogen every 2 hours until bleeding was 
staunched (usually within 48 hours), and then two 
tablets per day were administered for 10 more days—a 
normal withdrawal period usually followed. Ten 
women complained of hypermenorrhea, and when the 
progestogen dosage was increased from 5 or 7 days to 
IO or more days, excessive withdrawal periods were 
corrected (Table II). It is our habit now to administer 
progestogen for 10 days i in all but a few patients. 
Retention of water was not an infrequent complaint; 
and in some instances a diurétic and potassium were 
prescribed. Tenderness and fullness in the. breasts were 
occasionally distressful to patients; an analgesic plus 
diuretics usually sufficed for relief. Such complaints 
"essened with decreasing doses. A subcutaneous hema- 
zoma at the site of implant occasionally resulted; pres- 
sure and ice bags usually alleviated the situation. 
Pregnancy rate. There were six pregnancies among 
the 490 women of this series. Two of thé pregnancies 
should be discounted, since one apparently occurred 
before the pellets were implanted, and the other oc- 
curred a few days thereafter. Patients are now adyised 
to use caution (other contraceptive methods) during © 
the first month. As for the other four conceptions, two 
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Table XI. Parity of patients who desired to become pregnant, and outcome of pregnancies after 


e discontinuation of E, pellets 










Age No. of patients No. of 
(yr), desiring pregnancy | pregnancies 
20-24 9 7 
25-29 14 12 9 
30-34 6 5 —— 
35-39 eal d = 
Totals 30 25 13 


occurred during the first 6 months, one occurred while 
the patient was on the second round of the one-pellet- 
only regimen, and the other occurred while the patient 
was on the fifth round. The corrected Pearl Index of 
four pregnancies during 1,540 woman years was 0.273, 
which compared favorably with other contraceptive 
methods (Table IX). 

Future conception was not compromised. However, 
ovulation may not return for 6 to 12 months after dis- 
continuation of pellet implants, and during that time 
the patients are advised to continue cyclic progestogen 


until ovulation occurs, as indicated by a Day 13 or 14 


rise in basal body temperature, or is induced by the use 
of Clomid with or without the addition cf human cho- 
rionic gonadotropin (hCG). Twenty-four of 30 women 
who were desirous of becoming pregnant did so within 
3 years of discontinuation of therapy: eight during the 
first year, 15 during the second year, and one during 
the third year (Table X}. Six required Clomid, and two 
required Clomid with hCG. One patient who did not 
wish to become pregnant conceived 46 months after 
discontinuing the regimen of estradiol pellets. The 
ages and parity of the patients and the outcome of the 
pregnancies are listed in Table XI. 

Estradiol and estrone levels. In previous reports, we 
showed that estradiol and estrone were sustained at 
high physiologic levels on the descending-dose regi- 
men.* 8 We studied the levels of estrone and estradiol 
in 32 women who were on the one-pellet-only regimen 
for 1 to 7 years. Fig. 1 indicates that the levels of es- 
trone and estradiol remained within normal physiolog- 
ic range. . 

Advantage of pellet implants. Women who experi- 
enced nausea, depression, sexual dysfunction, head- 
aches, and/or acquired dysmenorrhea while on oral 
contraceptives usually found that such untoward reac- 


Parity 


4 3 6 l 


Outcome of pregnancy 


3 10 l 
5 4 me ji 
i 4 = te 
12 21 2 2 


tions were rarely noticed after implantation of pellets. 
No instance of galactorrhea after implantation of pel- 
lets has been encountered thus far. We know of no case 
of pulmonary or cerebral embolus, although one pa- 
tient had a questionable episode of cerebral ischemia. 
No endometrial cancers have resulted from this mo- 
dality of conception control in an experience extending 
over a period of 10 years. 

Comment 

Pellet implants proved to be a worth-while alterna- 
tive in those women who could not tolerate oral con- 
traceptives, or who could not be relied upon to take 
their medication daily. 

Ongoing investigations are in progress to learn more 
about the ratio of high-density to low-density lipopro- 
teins and changes in coagulation factors with this form 
of medication. Of great interest also is the observation 
that, apparently, adequate cyclic oral progestogens are 
protective against the development of atypical hy- 
perplasia of the endometrium and, thus, possibly pre- 
verit encometrial cancer in women who have been on 
continucus estrogen therapy for many years. 

The pellet regimen was particularly welcome to the 
women Gver age 35, since many physicians refused to 
prescribe oral contraceptives for them.® 

The favorable results noticed make us wonder 
whether the systemic absorption of estrogen, rather 
than thrcugh the gastrointestinal tract, and immediate 
clearance through the liver may be the explanation for 
decreasec. interference with clotting mechanisms, tri- 
glycerides. cholesterol metabolism, and glucose. Fur- 
ther studies are indicated to learn whether the use of a 
natural estrogen (Es) induces less metabolic derange- 
ment than do the synthetic estrogens (ethinyl estradiol 
and mestrznol). 
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Minimal endometrial 
stimulation at 
recommended dosage 


Studies suggest a wide separation between 
symptomatic therapeutic effects and endometrial 
stimulation. 


Efficacy and tolerance of 
Estrovis*(quinestrol) well 
established 


The therapeutic effectiveness, tolerance, and 
safety of Estrovis have been studied in more than 
1700 women. Total experience comparing | 
Estrovis to other synthetic estrogens and 
conjugated estrogens demonstrated a prompt, - 
smooth onset of action; a characteristic pattern of 
smooth, downward regression of flushes over 
time...no ups and downs of relief; excellent 
tolerance over lengthy periods of treatment. 


distinct metabolic profile 


in vivo studies indicate Estrovis® (quinestrol) is 
Rapidly absorbed 
Stored in fatty tissue as unchanged quinestrol 
(Estrovis ) 
Slowly metabolized to active estrogen, ethinyl 
estradiol 


Vffective clinical results 
shown in a recent 
multicenter study* 


erapeutic results of double-blind controlled 
tudy of 156 patients comparing Estrovis to 
onjugated estrogens and placebo confirmed once— 
-week Estrovis regimen as effective as a daily 
egimen of conjugated estrogens (cyclic basis); 
ommon estrogenic side effects with Estrovis 
omparable to those with conjugated estrogens; 
elief of flushes obtained more rapidly with 
ystrovis—during first week’s priming regimen 
patient evaluation) 
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of the proper estrogen 
for the proper patient 


BRIEF SUMMARY 
i Gaara Information including references and patient insert are available on request.) 


Federal law prohibits dispensing without prescription. 


WARNING 

1. Estrogens Have Been Reported to Increase the Risk of Endometrial Carcinoma. 

Three independent case control studies have shown an increased risk of endometrial cancer in postmenopausal 
women exposed to exogenous estrogens for prolonged periods. This risk was independent of the other known 
risk factors for endometrial cancer. These studies are further supported by the finding that incidence rates of 
endometrial cancer have increased sharply since 1969 in eight different areas of the United States with 
population-based cancer reporting systems, an increase which may be related to the rapidly expanding use of 
ia during the last decade. 

The three case control studies reported that the risk of endometrial cancer in estrogen users was about 4.5 to 
13.9 times greater than in nonusers. The risk appears to depend on both duration of treatment and on estrogen 
dose. In view of these findings, when estrogens are used for the treatment of menopausal symptoms, the 
lowest dose that will contro! symptoms should be utilized and medication should be discontinued as soon as 
possible. When prolonged treatment is medically indicated, the patient should be reassessed on at least a 
semiannual basis to determine the need for continued therapy. Although the evidence must be considered 
preliminary, one study suggests that cyclic administration of low doses of estrogen may carry less risk than 
continuous administration, it, therefore, appears prudent to utilize such a regimen. 

Close clinical surveillance of all women taking estrogens is important. In all cases of undiagnosed persistent 
or pane abnormal vaginal bleeding, adequate diagnostic measures should be undertaken to rule out 
malignancy. 

There is no evidence at present that “natural” estrogens are more or less hazardous than “synthetic” 


estrogens at equiestrogenic doses. 

2. Estrogens Should not be Used During 

The use of female sex hormones, both estrogens and progestogens, during early pregnancy may seriously 
damage the offspring. It has been shown that females exposed in utero to diethylstilbestrol, a nonsteroidal 
estrogen, have an increased risk of developing in later life a form of vaginal or cervical cancer that is ordinarily 
extremely rare. This risk has been estimated as not greater than 4 per 1000 exposures. Furthermore, a high 
percentage of such exposed women (from 30 to 90 percent) have been found to have vaginal adenosis, 
epithelial changes of the vagina and cervix. Although these changes are histologically benign, it is not known 
whether they are precursors of malignancy. Although similar data are not available with the use of other 
estrogens, it cannot be presumed they would not induce similar changes. 

Several reports suggest an association between intrauterine exposure to female sex hormones and congenital 
anomalies, including congenital heart defects and limb-reduction detects. One case control study estimated a 
4.7 fold increased risk of limb-reduction defects in infants exposed in utero to sex hormones (oral con- 
traceptives, hormone withdrawal tests for pregnancy, or attempted treatment for threatened abortion). Some of 
these exposures were very short and involved only a few days of treatment. The data suggest that the risk of 
limb-reduction defects in exposed fetuses is somewhat less than 1 per 1000. 

In the past, female sex hormones have been used during pregnancy in an attempt to treat threatened or 
habitual abortion. There is considerable evidence that estrogens are ineffective for these indications, and there 
is no evidence from well-controlled studies that progestogens are effective for these uses. 

If Estrovis (quinestrol) is used during pregnancy, or if the patient becomes pregnant while taking this drug, she 
should be apprised of the potential risks to the fetus, and the advisability of pregnancy continuation. 


DESCRIPTION 

Estrovis (quinestrol) is available as a 100 mcg oral tablet. It is an estrogen. 

Estrovis (quinestrol) is the 3-cyclopentylether of ethinyl estradiol. The chemical name is 3-cyclopentyloxy-17a-ethynyl- 
estra-1,3,5(10)-trien-17B-ol. 

It is a white, essentially odorless powder, insoluble in water and soluble in alcohol, chloroform, and ether. 

CLINICAL OLOGY 

Estrovis (quinestrol) is an orally effective estrogen as judged by conventional assay procedures employing vagina and 
uterine end-points in mice, rats and rabbits. 

The estrogenic effects of Estrovis have been demonstrated in clinical studies by its effects on the endometrium, maturation 
of the vaginal epithelium, thinning of cervical mucus, suppression of pituitary gonadotropin, inhibition of ovulation, and 
prevention of postpartum breast discomfort. 

INDICATIONS 

Estrovis (quinestro!) is indicated in the treatment of: 1. Moderate to severe vasomotor symptoms associated with the 
menopause. (There is no evidence that estrogens are effective for nervous symptoms or depression which might occur 


- during menopause, and they should not be used to treat these conditions.) 2. Atrophic vaginitis 3. Kraurosis vulvae 


4. Female hypogonadism 5. Female castration 6. Primary ovarian failure 


Estrovis (Quinestrol) Has Shown to be Effective for any Purpose during Pregnancy and Its Use May Cause 
Severe Harm to the Fetus (See Boxed Warning). 
CONTRAINDICATIONS 


Estrogens should not be used in women (or men) with any of the following conditions: 

1, Known or suspected cancer of the breast except in appropriately selected patients being treated for metastatic disease. 
2. Known or suspected estrogen-dependent neoplasia 3. Known or suspected pregnancy (See Boxed Warning) 
4. Undiagnosed abnormal genital bleeding 5. Active thrombophlebitis or thromboembolic disorders 6. A past history of 
thrombophlebitis, thrombosis, or thromboembolic disorders associated with previous estrogen use (except when used in 
eee of breast or prostatic malignancy) 


1. Induction of malignant neoplasms. Long-term continuous administration of natural and synthetic estrogens in certain 
animal species increases the frequency of carcinomas of the breast, cervix, vagina, and liver. There is now evidence that 
estrogens increase the risk of carcinoma of the endometrium in humans. (See Boxed Warning.) 

At the present time there is no satisfactory evidence that estrogens given to postmenopausal women increase the risk of 
cancer of the breast, although a recent long-term followup of a single physician's practice has raised this possibility. 
Because of the animal data, there is a need for caution in prescribing estrogens for women with a strong family history of 
breast cancer or who have breast nodules, fibrocystic disease, or abnormal mammograms. 
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2. Gallbladder disease. A recent study has reported a 2- to 3-fold increase in the risk of surgically confirmed galbladd 
disease in women receiving postmenopausal estrogens, similar to the 2-fold increase previously noted in wsers af or 
contraceptives. In the case of oral contraceptives the increased risk appeared after two years of use. 
3. Effects similar to those caused by estrogen-progestogen oral contraceptives. There are several serious adverse effects 
oral contraceptives, most of which have not, up to now, been documented as consequences of postmenogausal estrogi 
therapy. This may reflect the comparatively low doses of estrogen used in postmenopausal women. It would be expecti 
that the larger doses of estrogen used to treat prostatic or breast cancer or postpartum breast engorgement are more lige 
to result in these adverse effects, and, in fact, it has been shown that there is an increased risk of thrombosis in mi 
Teceiving estrogens for prostatic cancer and women for postpartum breast engorgement. 
a. Thromboembolic disease. it is now well established that users of oral contraceptives have an increased gisk of vario: 
thromboembolic and thrombotic vascular diseases, such as thrombophlebitis, pulmonary embolism, stroke, $ Myo ia 
infarction. Cases of retinal thrombosis, mesenteric thrombosis, and optic neuritis have been reported in oral contracept) 
users. There is evidence that the risk of several of these adverse reactions is related to the dose of the drug. An increast 
risk of postsurgery thromboembolic complications has also been reported in users of oral contracepfives. If feasibl 
estrogen should be discontinued at least 4 weeks before surgery of the type associated with an increased risk | 
thromboembolism, or during periods of prolonged immobilization. 
While an increased rate of thromboembolic and thrombotic disease in postmenopausal ufers of estrogens has not bee 
found, this does not rule out the possibility that such an increase may be present or that subgreups of women who hay 
underlying risk factors or who are receiving relatively large doses of estrogens may have increased risk. Therefore, estrogen 
should not be used in persons with active thrombophlebitis or thromboembolic disorders, and they should not be use 
(except in treatment of malignancy) in persons with a history of such disorders in association with estf®gen use. The 
should be used with caution in patients with cerebral vascular or coronary artery disease and only for those in who 
estrogens are clearly needed. 
Large doses of estrogen (5 mg conjugated estrogens per day), comparable to those used to treat cancer of the prostate ar 
breast, have been shown in a large prospective clinical trial in men to increase the risk of nonfatal myocardial infarctioi 
pulmonary embolism and thrombophlebitis. When estrogen doses of this size are used, any of the thromboembolic ar 
thrombotic adverse effects associated with oral contraceptive use should be considered a clear risk. 
b. Hepatic adenoma. Benign hepatic adenomas appear to be associated with the use of oral contraceptives. Althoug 
benign, and rare, these may rupture and may cause death through intra-abdominal hemorrhage. Such lesions have not y 
been reported in association with other estrogen or progestogen pienas but should be considered in estrogen use 
having abdominal pain and tenderness, abdominal mass, or hypovolemic shock. Hepatocellular carcinoma has also bet 
ioport ges taking estrogen-containing oral contraceptives. The relationship of this malignancy to these drugs is ni 
nown at this time. loa 
c. Elevated blood pressure. Increased blood pressure is not uncommon in women using oral contraceptives. There is now 
report that this may occur with use of estrogens in the menopause and blood pressure should be monitored with estroge 
use, especially if high doses are used. 
d. Glucose tolerance. A worsening of glucose tolerance has been observed in a significant percentage of patients ¢ 
oer ora! contraceptives. For this reason, diabetic patients should be carefully observed while receivin 
estrogen. 
4. Hypercalcemia. Administration of e s may lead to severe hypercalcemia in patients with breast cancer and bor 
mearan E this occurs, the drug should be stopped and appropriate measures taken to reduce the serum calcium leve 


A. General Precautions 

1. A complete medical and family history should be taken prior to the initiation of any estrogen therapy. The pretreatmer 

and periodic physical examinations should include special reference to blood pressure, abdomen, and pelvic organs, an 

should include a Papanicolaou smear. As a general rule, estrogen should not be prescribed for longer than one year witho 

another physical examination being performed. 

2. Fluid retention—Because estrogens may cause some degree of fluid retention, conditions which might be influenced | 

this factor, such as epilepsy, migraine, and cardiac or renal dysfunction, require careful observation. 

3. Certain patients may develop undesirable manifestations or excessive estrogenic stimulation, such as abnormal 

excessive uterine bleeding, mastodynia, etc. 

4. Oral contraceptives appear to be associated with an increased incidence of mental depression. Although it is not cle 

whether this is due to the estrogenic or progestogenic component of the contraceptive. patients with a history of depressi 

should be carefully observed. 

5. Preexisting uterine leiomyomata may increase in size during estrogen use. 

6. The pathologist should be advised of estrogen therapy when relevant specimens are submitted. 

7. Patients with a past history of jaundice during pregnancy have an increased risk of recurrence of jaundice whi 

receiving estrogen-containing oral contraceptive therapy. If jaundice develops in any patient receiving estrogen, tt 

medication should be discontinued while the cause is investigated. 

8. Estrogens may be poorly metabolized in patients with impaired liver function and they should be administered wit 

caution in such patients. 

9. Because estrogens influence the metabolism of calcium and phosphorus, they should be used with caution in patient 

with metabolic bone diseases that are associated with hypercalcemia or in patients with renal insufficiency. 

10. Because of the effects of estrogens on epiphyseal closure, they should be used judiciously in young patients in who! 

bone growth is not complete. 

11. Certain endocrine and liver function tests may be affected by estrogen-containing oral contraceptives. The followir 

similar changes may be expected with larger doses of estrogen: a. Increased sulfobromophthalein retention. b. Increase 

prothrombin and factors VII, Vill, IX, and X; decreased antithrombin 3; increased norepinephrine-induced platelet ay 
by mae c. Increased thyroid binding globulin (TBG) leading to increased circulating total thyroid hormone, as measure 

by |, T4 by column, or T4 by radioimmunoassay. Free T3 resin uptake is decreased, reflecting the elevated TBG; free“ 

concentration is unaltered. d. Impaired glucose tolerance. e. Decreased pregnanediol excretion. f. Reduced response | 

metyrapone test. g. Reduced serum folate concentration. h. Increased serum triglyceride and phospholipid concentratio. 

B. Information for the patient. See text of Patient Package Insert. 

C. Pregnancy. See Contraindications and Boxed Warning. 

D. Nursing Mothers. As a general principle, the administration of any drug to nursing mothers should be done only whe 

clearly necessary since many drugs are excreted in human milk. 

ADVERSE REACTIONS 

(See Warnings regarding induction of neoplasia, adverse effects on the fetus, increased incidence of gallbladder diseas 

and adverse effects similar to those of oral contraceptives, including thromboembolism.) The following additional adver 

reactions have been reported with estrogenic therapy, including oral contraceptives: . 

1. Genitourinary system : Breakthrough bleeding, spotting, change in menstrual flow, Dysmenorrhea, Premenstrual-lil 

syndrome, Amenorrhea during and after treatment, Increase in size of uterine fibromyomata, Vaginal candidiasis, Chan; 

in cervical eversion and in degree of cervical secretion, Cystitis-like syndrome, 2. Breasts: Tenderness, enlargemen 

secretion, 3. Gastrointestinal . Nausea, vomiting, Abdominal cramps, bloating, Cholestatic jaundice, 4. Skin: Chloasma 

melasma which may persist when drug is discontinued, Erythema multiforme, Erythema nodosum, Hemorrhagic eruptio 

Loss of scalp hair, Hirsutism, 5. Eyes : Steepening of corneal curvature, Intolerance to contact lenses, 6. CNS : Headach 

migraine, dizziness, Mental depression, Chorea, 7. Miscellaneous.: Increase or decrease in weight, Reduced carbohydra 


tolerance, Aggravation of porphyria, Edema, Changes in libido. 
ACUTE OVERDOSAGE 


Numerous reports of ingestion of large doses of estrogen-containing oral contraceptives by young children indicate thi 
serious ill effects do not occur. Overdosage of estrogen may cause nausea, and withdrawal bleeding may occur in female 


For treatment of moderate to severe vasomotor symptoms associated with the menopause, and for atrophic vaginiti 
kraurosis vulvae, female hypogonadism, female castration and primary ovarian failure: 

One Estrovis (quinestrol) 100-mcg tablet once daily for seven days, followed by one 100-mcg weekly as a maintenan 
schedule, commencing two weeks after inception of treatment. The dosage may be increased to 200 mcg weekly if t 
therapeutic response is not that which may be desirable or considered optimal. 

The lowest maintenance dose that will control symptoms should be chosen and medication should be discontinued 
promptly as possible. 

Attempts to discontinue or taper medication should be made at three to six month intervals. 

Treated patients with an intact uterus should be monitored closely for signs of endometrial cancer and approprial 
diagnostic measures should be taken to rule out malignancy in the event of persistent or recurring abnormal vagir 
bleeding. 
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Perinatal transport to a regional perinatal center in a 
metropolitan area: Maternal versus neonatal transport 
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A prospective study was undertaken to evaluate antenatal mate-nal referral, acute maternal 
transport, and neonatal transport to a regional perinatal center in a metrcpolitan area. During an 
18-month period, there were 143 antenatal maternal referrals, 254 antenatal maternal transports, 
and 506 neonatal transports. Indications for the antenatal referrals were maternal diseases of a 
chronic nature. This group had a 28.7% incidence of delivery by primary cesarean section, a 15.8% 
incidence of low—birth weight infants, and a 30.8% incidence of neonatal admissions to the 
Neonatal Intensive Care Unit (NICU). The perinatal mortality rate was 13.7 per thousand which 
compares favorably with that of low-risk obstetric patients. Indications for the antenata' maternal 
transports were mainly premature labor and/or premature rupture of the membranes and 
third-trimester bleeding. There was a 37% incidence of delivery by primary cesarean section and a 
71.5% incidence of low—birth weight infants, and 77.4% of the newborn infants were admitted to the 
NICU. The perinatal mortality rate was 137.4 per thousand live births. Campared to pestnatal 
neonatal transports, the neonates transported antenatally had a slightly higher mortality rate which 
was not statistically significant. One hundred thirty-one neonates transported antenatally could be 
matched in sequential order of admission with 131 neonates transported pestnatally of comparable 
birth weights and gestational ages. Although there was a significant increase in the incidence of 
delivery by cesarean section among the mothers transported artenatally, the neonates in this group 
had a significantly lower incidence of respiratory distress syndrome and other morbidity and a 
shorter hospitalization. This study suggests that antenatal referral and transport of high-risk 
parturient patients to a regional perinatal center may significantly decrease neonatal morbidity and 
length of hospitalization. (AM. J. OBSTET. GYNECOL. 138: 1157, - 980. ) 


REGIONALIZED NEONATAL CARE has been shown to 
significantly decrease neonatal morbidity and mortality 
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both in the United States and abroad.'~® In a survey 
reported by the American College of Obstetricians and 
Gynecologists,’ physicians believed that regional plan- 
ning of perinatal care would improve the perinatal mor- 
tality rate. It is generally believed that antenatal trans- 
port of the high-risk patient to a regional perinatal 
cenzer could further decrease perinatal morbidity and 
mortality." %1? Experiences reported from Arizona! 
and Tennessee® seem to support such a conclusion. By 
comparative analysis, some attempts have been made to 
shew that indeed antenatal transport can further de- 
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Table I. Indications for antenatal referral of 143 
patients to Women’s Hospital, January, 1978, to 


June, 1979 
Maternal indication % 

Diabetes mellitus 33 23.1 
Poor previous obstetric outcome 34 29T 
Chronic hypertension -15 10.5 
Rh Sensitization T 10 7.0 
Pre-eclampsia 1] td 
Incompetent cervix 9 6.3 
IUGR* 5 3.5 
Cardiac disease 4 2.8 
Pelvic fracture/deformity 3 21° 
Seizure disorder 6 4.2 
Second-trimester bleeding 3 2il 
Multiple gestation 2 1.4 
Massive obesity pa 1.4 
Fetal hydrocephalus 2 1.4 
Drug dependency 3 2.1 
Others - 28 19.6 


*Intrauterine growth retardation. 


crease perinatal morbidity and mortality,” 1715 but re- 


. ported studies were experiences with a small number of 


patients!?~'5 or were conducted iri a rural setting.? Only 
the lattér report showed that neonates transported an- 
tenatally had lower mortality rates than neonates trans- 
ported postnatally. In a previous retrospective report, 
we were unable to demonstrate. a difference in mortality 
rates although antenatal transports resulted in fewer 
premature neonates with morbidity.” 

Furthermore, in most studies, no distinction has 
been made between high-risk maternal referrals for 
care and the acute high-risk maternal transport for de- 
livery. Also, little attention has been paid to the appro- 
priateness of the antenatal transport and whether an- 
tenatal transport resulted in the delivery of healthier 
neonates who did not require iniensive care. There- 
fore, we designed a prospective study to further 
evaluate perinatal transport and referral to an urban 
regional center. 


Material and methods 


Memorial Hospital Medical Center of Long Beach 
(MHMC) with its Women’s and Children’s Hospitals 
serves as a regional perinatal center for Southern Los 
Angeles and Western Orange Counties. There are 
many communities within the catchment area and the 
population is approximately 2.5 million. Since 1972, 
MHMC has provided transport and intensive care ser- 
vices for more than 2,100 neonates from 50 hospitals. 
Twenty-six of the referring hospitals are within the 
catchment area of our Regional Perinatal Education 
Program. With the inception of a community Perinatal 
Outreach Program in 1976, Women’s Hospital began 
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receiving maternal referrals and acute transports of . 


high-risk antenatal patients. The number of these an- 
tenatal referrals and transports has increased substan- 


tially from less than 60 in 1976 to 209 in 1977, 295 in * 


1978, and 383 in 1979. During the period from Janu- p 


ary; 1978, through June, 1979, there were 143 an- 
tenatal referrals, 254 antenatal transports to Women’s 
Hospital, and 506 neonatal transports to Children’s 
Hospital. 

An antenatal referral was defined as a pregnant pa- 
tient who was referred to Women’s Hospital for con- 
tinued high-risk care. Her first contact with the hospital - 
was as an outpatient and she was, eventually delivered at 
Worren’s Hospital. A maternal transport was defined as. 
a patient who was referred to Women’s Hospital on an 
acute basis; therefore, her first contact with the hospital 
was zs an inpatient and the majority of these patients 
were delivered within a short period of time. For exam- 


ple, ¢ woman with pre-eclampsia might be referred for — 
evaluation, medical therapy and eventual delivery while 


a woman with severe preeclampsia might be transported 
for in-hospital evaluation and immediate delivery. For 
the purposes of the matched portion:of this study, a 
transported neonate was deftned as a newborn infant 
transferred to the NICU froma community hospital on 
the first day of life. Neonates with major congenital 
anomalies were excluded in the matched portion. Neo- 
nates of maternal transports were also excluded from 
the matched section of this study if their gestational ages 
were < 24 weeks, if their birth weights were <500 grams, 
or if they had major congenital anomalies. | 

Medical information was recorded prospectively but 
all charts were re-reviewed to complete the data. From 
antenatal charts, the following information was col- 
lected: the mode of transport, the date of transport or 
referral; the date of delivery, the number of hospital 
admissions, the name of the transporting or referring 
hosp-tal, the use of steroids to enhance fetal lung ma- 
turity, the use of tocolytic agents, antepartum testing, 
intrapartum fetal distress, the type of delivery, the in- 
dicaton for terminating the pregnancy, and the pri- 
mary indication for cesarean section (if done). 

Medical charts for the neonates of referred and 
transported mothers were also reviewed for sex, order 
of birth, gestational age, birth weight, Apgar scores, 
days hospitalized, admission to the NICU, outcome, 
and diagnosis. 

Eazh of the neonates of maternal transports admit- 
ted to the NICU was paried with the next neonatal 
transport in sequential order, which met the criteria for* 
a mazchėd pair. A pair was considered matched if their 
birth weights did not differ by more than 200 grams 


and their gestational ages did not differ by more than 2 . 
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maternal referrals in the 143 patients referred during 
the study period; most of these patients were referred 
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Table II. Comparison of maternal factors for referrals and transports, January, 1978, to June, 1979 
el Maternal referrals Maternal ee -Total 
Cesarean section: 46.9 109 42.9 176 44.3 
Primary a 28.7 94 37.0 135 34.0 
p Repeat 26 18.2 15 5.9 41 19.3 
Antepartum testing (CST*#/NSTt) 60 42.0 36 14.2 96 24.2 
Amniocentesis 51 35.7 62 24.4 113 28.5 
Betamethasone . 10 7.0 77 30.3 87 21.9 
Tocolytic agents: ' 
Alcohol 2 1.4 30 11.8 32 8.1 
Magnesium sulfate 4 2.8 71 28.0 75 18.9 
Ritodrine 0 ~ 22 8.7 22 5.5 
. Vasodilan | 0 - 10 3.9 10 2.5 
Terbutaline 0 - 3 1.2 3 9.8 
Total No. of patients 143 100.0 254 100.0 397 100.0 
*Contraction stress test. 
+Nonstress test. 
Table III. Comparison of the perinatal mortality Senveen anteratal referrals and transports, January, 1978, 
to June, 1979 
No. of patients 143 254 397 
z Fetal death Q* 5 5 
Fetal death rate (per thousand) 0 18.2 11.9 
Live births 146 269 415 
Birth weight <500 gm 0 12 12 
Birth weight >500 gm 146 257 403- 
Low birth weight (<2,500 gm) (%) 23 (15.8) 202 (71.5) 225 (54.2) 
No. admitted to NICU (%) 45 (30.8) 199 (77.4) 244 (60.5) 
Neonatal death 2 3] 33 
Neonatal death rate (per thousand) 13.7 120.6 81.9 
Perinatal death 2 36t 38 
Perinatal death rate per thousand) 13.7 137.4 93.1 
Infant death i ] 4 5 
Death while in NICU 3 35 38 
*One therapeutic abortion not included. 
+ Excludes live births <500 gm and infant deaths after 28 days. 

3 weeks. Gestatioral age was determined by obstetric his- for medical problems which were known prior to preg- 
tory and the neonatal assessment of Dubowitz anc as- narcy or for problems which were of a chronic rather 
sociates.!® Fourteen neonates of maternal transports than acute nature. 
were not matched because of congenital anomalies and As indicated in Table II, 67 or 46.9% of the maternal 
another 54 could not be successfully matched accord- referrals were delivered by cesarean section (28.7% in- 
ing to the above criteria. This resulted in 131 matched cidence of primary cesarean section) and 60 (42.0%) 
pairs. The chart of each matched neonatal transport hac at least one contraction stress test. Steroids were 
was reviewed for hospital of transport, age at transport, only given to 10 (7.0%) of patients. | 
temperature at transport, birth weight, gestational age, There were 146 live births delivered to maternal re- 
method of delivery, presentation -at delivery, Apgar ferrals, as shown in Table III, including two sets of 
scores, Maternal complications, morbidity, length of twins and one set of triplets. Twenty-three or 15.8% of 
hospital stay, outcome, and diagnoses. the 146 live-born infants weighed less than 2,501 

grams. Twenty (13.7%) weighed more than 4,000 
Results grams. There were no fetal deaths. One referred pa- 
. Maternal referrals. Table I shows the indications for tient with Class R diabetes had a second-trimester in- 


duced abortion and is not included. Forty-five (30.8%) 
of -he neonates required admission to the NICU. 
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Table IV. Reason for admission to the NICU for 
the 45 neonates of maternal referrals admitted 
January, 1978 to June, 1979 


_ Reason Percent 
Infant of insulin-dependent 1& 40.0 
diabetic mother 
Prematurity 16 35.6 
Rh sensitization 5 11.1 
Congenital anomalies 2 4.4 
Drug withdrawal l 22 
Hypoglycemia ] 22 
Polycythemia l 2:2 
Perinatal asphyxia i ain 


Table V. Indication(s) for antenatal transport of 254 
parturients to Women’s Hospital, January, 1978, to 


June, 1979 

Indication Percent 
Premature labor 141 49.1 
Premature/prolonged ROM* 119 41.6 
Third-trimester bleeding 39 13.6 
Pre-eclampsia/eclampsia 32 12.9. 
Chronic hypertension 10 3.5 
Diabetes mellitus 5 1.7 
IUGR} 13 4.5 
Multiple gestation. 19 6.6 
Severe polyhydramnios 6 ae | 
Rh sensitization 3 1.0 
Others 11 3.7 


*Rupture of membranes. 
Intrauterine growth retardation. 


Table VI. Diagnoses in the 35 infants of antenatal 
transports who died while in the NICU 


Diagnosis Percent 
Lethal multiple congenital anomalies 10 28.6 
Severe perinatal asphyxia 6 17.1 
Respiratory distress syndrome 13 37.1 
Severe immaturity 9 25.7 
Septicemia 7 20.0 
NEC* (complicated) 2 5.7 
Prematurity with SIDS} l 2.9 


*Necrotizing enterocolitis. 
Sudden infant death syndrome. 


Among the 45 neonates admitted to the NICU, there 
were three deaths, for a mortality rate of 20.5 per thou- 
sand live births. 

One term infant died at 35 days of life with multiple 
congenital anomalies, including hydrocephalus and 
ambiguous genitalia. This infant’s mother was referred 


at 33 weeks’ gestation after an ultrasound examination. 


revealed fetal hydrocephalus and polyhydramnios. 
One neonatal death occurred in an infant of a mozher 
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who was referred at 32 weeks and was known to be Rh 
sensitized. A fetal stress test showed a sinusoidal heart 
rate pattern. Fetal anasarca was noted on ultrasound 


. . . . e 
examination. Primary cesarean section was performed 


immediately but the infant died on the second day of 
life despite intensive care. The other neonatal death 


occurred in a 500 gram newborn infant delivered at 26 è 


weeks’ gestation after a contraction stress test that was 
nonreactive positive. The mother was referred early in 
pregnancy because of chronic hypertension and two 
previous perinatal deaths. Table IV shows the reason 
for admission to the NICU for the 45 newborn infants 
of maternal referrals. It should be noted that all infants 
of insulin-dependent diabetic mothers are routinely 
admitted to the NICU in order to monitor blood glu- 
cose levels very closely. : 
Acute maternal transport. The indications for trans- 
port of the 254 maternal transports are shown in Table 
V. Premature labor and prolonged or premature rup- 
ture of the membranes are the most frequent reasons 
for transport. One hundred nine (42.9%) of the 
mothers transported antenatally were delivered by ce- 
sarean section (Table II). Sixty-two or 24.4% had an 
amniocentesis per-ormed, usually to obtain a lecithin- 
sphingomyelin ratio and 77 (30.3%) received steroids. 
There were five stillbirths (Table III), two in twin preg- 
nancies with the other twin born alive, for a fetal death 
rate of 18.2 per thousand. In the three other fetal 
deaths, a decision had been made that the fetus was tao 
immrature to survive; therefore, no active intervention 
was attempted. Two hundred sixty-nine neonates, in- 
cluding 18 sets of twins, were delivered alive to maternal 
transports during the study period. Twelve weighed less 
thar 500 grams or were less than 24 weeks’ gestation at 
birth and were judged to be too immature to survive. 
Fifty-eight (22.6%) of the remaining 257 neonates did 
not require special care and were admitted directly to 
the normal newborn nursery. Thirty-three or 56.9% of 
the these 58 neonates were delivered on the same day as 
the antenatal transport. Most of these were patients with 
premature rupture of the membranes or premature 
labor at 34 to 37 weeks’ gestation who were delivered of 
infants who were large enough to be cared for in the 
normal nursery. The remaining 25 neonates were deliv- 
erec between 2 and 91 days following transport. 
Seventeen of these mothers were stabilized following 
antenatal transport, discharged, and readmitted to de- 
liver closer to term. Only four of the antenatal trans- 
ports that resulted in well newborn infants were retro- 
spectively judged to be inappropriate because of migcal- 
culated gestational ages. | 
One hundred ninety-nine or 77.4% of the neonates 
required admission to the NICU. There were 31 


Volume 138 Perinatal transport to regional center 1161. 


t > Number 8 


Table VII. Birth weights and mortality rates for newborn infants of antenatal transports and neonatal 
e transports admitted to the NICU, January, 1978, to June, 1979 


w- 
+. Birth 
501-750 16 8.0 1: 75.0 -12 2.4 10 83.3 
751-1,000 25 12.6 & 32.0 19 3.8 7 36.8 
1,001-1,250 17 8.5 I 5.9 29 5.7 12 41.4 
1,251-1,500 38 19.1 6 15.8 36 7.1 4 11.1 
1,501-1,750 29 14.6 z 6.9 32 6.3 3 9.4 
1,751-2,000 27 15.6 4 LKI 29 5.7 l 3.5 
2,001-2,250 24 12.1 l 4.1 37 7.3 l 2 
~ 2,251-2,500 5 2.5 C ~ 61 12.1 4 6.6 
Total LBW* 181 91.0 32 18.2 255 50.3 42 16.5 
2,501-4,000 17 8.5 Z 11.8 224 44.3 21 9.4 
>4,000 l 0.5 0 - 27 5.3 0 ~ 
Total 199 100.0 35t 17.6 506 100.0 63 12.5 
*Low birth weight. 
tIncludes four infant deaths. 
Table VIII. Comparison between matched pairs admitted to the NICU for mean hospital stay, mortality 
rates, primary cesarean section rates, and 5-minute Apgar scores 
Anter.atal Transported Statistical 
f transports neonates significance* 
No. matched pairs 151 131 - 
Mean birth weight (+ 1 SD) 1,613 + 600 1,626 + 605 
Mean gestation age (= 1 SD) 31.8 + 3.5 31.7 + 3.4 — 
Mean days in hospital for surviving pairs {+ 1 SD) 28.7 + 24.5 32.9 + 26.3 P < 0.005 
Mean days in hospital for pairs who died (+1 SD) 7.4 + 6.7 4.7 + 3.9 NS 
No. of deaths 15 ` 18 — 
Mortality (%) 122 13.7 ~ 
Primary cesarean section (%) (38 9) (22.7) P < 0.025 
5-minutes Apgar score 
7 (5.3%) 8 (6.1%) 
4-6 20 (1£.3%) 22 (16.8%) 
7-10 99 (75.6%) 76 (58.0%) 
No information 5 (3.3%) 25 (19.1%) 
*Statistical significance determined by Student’s t test for paired data or chi-square test. NS: Not significant. 
om 


neonatal deaths and four infant deaths in the NICU 
for a mortality rate of 175.8% per thousand admissions 
to the NICU. Ten of the neonatal deaths were due to 
congenital anomalies incompatible with life, for a lethal 
anomaly rate of 3.9% of the 257 neonates. These ten 
plus four other surviving neonates with congenital 
anomalies (1 with Down’s syndrome, 1 with gastros- 
chisis, 1 with amniotic band syndrome, and 1 with con- 
genital heart disease) were excluded from the matched 
portion of the study. The diagnoses for the 35 neonates 
who died while in the NICU are shown in Table VI. 
In Table VII, the mortality rates by birth weight are 
shown for all neonates of antenatal transports admitted 
to the NICU and all neonatal transports during the 
study period. Forty-one (20.6%) of the neonates of an- 
tenatal transports compared with 31 (6.2%) of the 


necnatal transports weighed 1,000 grams or less at 
birta. This difference is significant (p < 0.001). The 
overall mortality rates of 17.6% and the 12.5% for the 
antenatal and neonatal transports are not statistically 


- sigrificantly different. Neonatal mortality is not differ- 


ent even when neonates with congenital anomalies are 
excluded. 

Cne hundred thirty-one neonates of maternal trans- 
ports were matched by birth weight and gestational age 
with 131 neonatal transports. In Table VIII the mean 
hosbital stay for surviving pairs, mortality rates, pri- 
mary cesarean section rates, and 5-minute Apgar 
scores are compared for the matched pairs. The mean 
hospital stay for surviving pairs and cesarean section 
rates differ significantly between the two groups with 
neonates of maternal transports having shorter hospi- 
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Table IX. Admitting diagnoses for the matched pairs of newborn infants transferred antenatally and neonatally 


and admitted to the NICU, Januray, 1978, to June. 1979 


Antenatal trensport Neonatal transport 


Diagnoses 


Prematurity without morbidity 35 (26.7%) 
Respiratory distress syndrome 44 (33.6%) 
Retained lung fluid 25 (19.1%) 
Perinatal asphyxia 10 (7.6%) 
Suspected septicemia 9 (6.9%) 
Birth injury 2t (1.5%) 
Hemolytic disease 6 (4.6%) 
Severe immaturity 3 (2.3%) 
Drug withdrawal 1 (0.8%) 
Other 2 (1.5%) 


*Determined by chi-square test. NS: Not significant. 
tClavicle fractures. 


Table X. Birth weight, gestational age, mortality 
and diagnoses in the 54 unmatched neonates of 
antenatal transports 


o = 
Prematurity withouz morbidity 17 31.5 
Respiratory distress syndrome 19 35.2 
Severe immaturity ` - 6 11.1 
Suspected septicemia 8 14.8 
Perinatal asphyxia 2 3.7 
Retained lung fluid l 1.9 
Others 4 7.4 


Mean birth weight (+1 SD): 1,668 + 894 pm. Mean gesta- 
tional age (+1 SD): 31.5 + 4.5 weeks. No. of deaths: 6 
(11.1%). 


tal stays and more deliveries by primary cesarean 
sections. 

In Table IX the diagnoses are indicated for the 
matched pairs. There is a significently larger number 
of neonates with prematurity but no other morbicity 


(p < 0.005), as wel. as a lower incidence of respiratory 
distress syndrome ‘p < 0.005), among the neonates of ` 


antenatal transports. 

Fifty-four neonates could not be matched by cur 
criteria. Table X snows the mean birth weight, gesta- 
tional age, diagnoses, and mortality for this group. 


Comment 


Regional planning of perinatal care, based on geo- 
graphic and demcgraphic characteristics of a region 
and the availability of trained personnel and facilities, 
is generally believed to improve the quality of pertnztal 
care and to decrease morbidity and mortality. In 
association with rapid improvement in perinatal care 
during the past decade, regionalized perinatal care 2x- 
periences reported from Arizona,' Tennessee,’ and 
Massachusetts® have indicated that indeed such a sys- 
tem may lessen perinatal mortalitv and morbidity. In 


Statistical significance * 
4 (3.1%) p<0.005 .« 
82 (62.6%) p < 0.005 ` 
23 (17.6%) NS 
19 (14.5%) NS 
9 (6.9%) - NS 
0 NS 
1 (0.8%) NS 
0 NS 
1 (0.8%) NS 
2 (1.5%) NS 


1977, the Committee on Perinatal Health with partici- 
pants from the American Academy of Family Physi- 
cians, The American Academy of Pediatrics, the 
American College of Obstetricians and Gynecologists, 
and the American Medical Association, assisted by the 
National Foundation—March of Dimes, published a 
booklet”? outlining a regionalized system of planning 
for perinatal care. Experiences reported to date re- 


garding the advantages of such regionalized systems — 


are scant because of difficulty in designing appropriate 
prospective studies and because of a lack of clear data 
regarding improvement in perinatal care with regard 
to decreasing morbidity, mortality, and cost. 

In a metropolitan area, ideally all parturients should 
be delivered in a Regional Center which can provide 
appropriate personnel and facilities for both expected 
and unexpected perinatal problems. Boehm and Haire? 
suggested that many neonatal transports to their center 
could have been more safely transported in utero had 
there been a mechanism by which the mother could be 
easily referred to the tertiary center prior to delivery. 

When antenatal and postnatal transports are evalu- 
ated, the following items should be considered: (1) 
proper match of antenatal and postnatal transports.’” 
(2) prospective and retrospective appropriateness of 
antenatal transports, and (3) differences between ma- 
ternal referrals for stabilization and continuous-care 
and acute maternal transports. In this study, antenatal 


` and neonatal transports were matched for birth weight 


and gestational age but it was not possible to match for 
other perinatal risk factors. With the present study, we 
show that only four of 254 antenatal transports were 
judged to be inappropriate by retrospective evaluation. 
One may question the appropriateness of transporting 
mothers who subsequently have nonviable neonates 
(birth weight <500 gm and gestational age <24 
weeks). Prospectively it 1s difficult to make an appro- 
priate decision. This study also distinguished between 
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acute maternal transports and referrals for continued 
antenatal care. 

Despite the above-noted imaia neonates of an- 
tenatal transports showed a lower incidence of respira- 
tory distress syndrome than neonatal transports with 
comparable birth weights and gestational ages. The 
lower incidence of respiratory distress syndrome may 
be in part due to the use of tocolytic agents to stop 
labor, the use of steroids to enhance lang maturity, and 
less asphyxia. As Merenstein and associates’ noted, we 
also found that the length of hospitalization was sig- 
nificantly shorter for neonates of the antenatal trans- 
port. Significant numbers of antenatally transported 
preterm neonates were without morbidity, which may 
shorten the length of hospital stay and decrease the 
chance of long-term morbidity. This finding may be 
influenced by the fact that some preterm neonates 
without morbidity were cared for at the hospital of 
birth rather than being transported. This would pro- 
vide a bias toward antenatal transports. On the con- 
trary, very premature depressed neonates may not be 
transferred because they may be judged nonsalvage- 
able whereas very premature vigorous neonates may be 
transported, providing a bias toward neonatal trans- 
ports in this category because antenatal transports are 
not so preselected. In a recent report by Williams and 
Hawes'® evaluating the factors involved in improving 
mortality in California, it was found that higher cesar- 
ean section rates correlated most significantly with bet- 
ter than expected perinatal mortality rates. Whether 
cesarean section delivery may be responsible for de- 
creased morbidity in preterm infants, as suggested by 
Stewart and associates," is a matter for debate and 
further studies are needed for clarification. Other fac- 
tors responsible for decreased morkidity among neo- 
nates transported antenatally may be better obstetric 
care and a decreased number of infants with asphyxia 
because of electronic fetal monitoring. 

Harris and associates? reported that neonatal mor- 
tality was lower for maternal-fetal transports than for 
newborn transports in groups with a similar mortality 
risk. This has not been our experience. As seen in 
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Tables VII and VIII, when neonates transported an- 
tenatally are compared with the neonatal transports, no 
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distance of transport and the climate are not sufficient 
factors in our area to influence the outcome. A limita- 
tion to this finding is that sicker and very premature 
necnates may'have died at referring hospitals before 
transport could be arranged. This bias does not occur 
in antenatal transports. 

Other advantages of antenatal transport are that 
some premature labors are successfully stopped and 
the pregnancies are carried to term or near term, re- 
sulting in decreased neonatal morbidity and mortality. 
Additional benefits are that both mother and infant are 
in zhe same institution, which gives the mother the 
chance of interaction with her infant and the personne! 
car-ng for her infant, and she can become more famil- 
iar with the infant’s problems and the clinical course. 
With increased support available at the regional peri- 
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is not a significant problem in a metropolitan area. 

In conclusion, the apparent benefits of antenatal 
transport to a regional perinatal center are the de- 
creased incidence of respiratory distress syndrome, 
shcrter neonatal hospitalization, and decreased neo- 
natal morbidity, but many different factors may 
influence these parameters and one cannot conclude 
that the better outcome is due only to antenatal trans- 
port. 
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As many as 2% of all pregnant women undergo surgery during gestation, but there are few reports 
of the effects of anesthesia and surgery on fetal outcome. The present paper presents information 
on 287 women who had surgery during pregnancy. Surgery during early pregnancy was associated 
with a significant increase in the rate of spontaneous abortion compared to the rate in a control 
group that did not have surgery. There were no differences in the incidence of congenital 
abnormalities in the offspring of women who had surgery during early pregnancy. The data suggest 
that elective surgery be deferred during early pregnancy to minimize potential fetal loss. (AM. J. 


OBSTET. GYNECOL. 138:1165, 1980.) 


RESULTS obtained from a national study of health of 
dental personnel have recently been presented.’ The 
present report specifically examines fetal outcome dur- 
ing an 11-year period in wives of dentists and in female 
dental assistants who underwent surgery and anesthe- 


sia during the first and/or second trimesters of preg- 
nancy. 7 4 


Methods 


A questionnaire was mailed to 29,514 male dentists 
and 30,272 female dental assistants. A total of 21,634 
(73.3%) of the dentists and 21,202 (70.0%) of the assis- 
tants completed the questionnaire which asked ques- 
tions about anesthetic practice and exposure, health 
history and pregnancy history of the respondent, or, in 
the case of the dentists, the spouse for the years 1968 to 
1978. The questionnaire additionally requested infor- 
mation concerning exposure to anesthetics for surgical 
procedures occurring during each trimester of each 
pregnancy. 

Spontaneous abortion was defined as loss of the 


From the Departments of Anesthesia and Family, 
Community and Preventive Medicine, Stanford University 
School of Medicine. 


Supported oy Grant OH-00775 from the National 


N Institutes of Health. 


° Received for publication June 16, 1980. 
Accepted September 15, 1980. 


Reprint requests: Dr. Jay B. Brodsky, Department of 
Anesthesiology, Stanford University Medical Center, 
Stanford, California 94305. 


0002-93787 80/25 1 165+4+03$00.30/0 © 1980 The C. V. Mosby Co. 


product of conception prior to the thirteenth week of 
gestation (first trimester) or during the fourteenth to 
twenty-sixth week of gestation (second trimester). 
Pregnancies terminated by therapeutic abortion were 
excluded. The rate of spontaneous abortion was 
defined as the number of cases per 100 reported preg- 
nancies. The rate of congenital abnormality was based 
or: the number of live-born babies with one or more 
abnormalities per 100 births. Skin abnormalities were 
excluded. 

Occupational exposure to inhalation anesthetics was 
deined as paternal (maternal) exposure reported in 
the work history section of the questionnaire for the 
year prior to the computed date of conception. The 
nonexposure group was restricted to those reporting 
no inhalation anesthetic exposure in any of the study 
years prior to conception. All rates were standardized 
by the direct method and adjustments for significant 
covariates (maternal age, smoking history) were made. 
Standard errors for adjusted rates were computed with 
each cell regarded as a binomially distributed propor- 
tion and then averaging cells separately within those 
individual groups to estimate the adjusted rates and 
their standard errors. P values were computed by the 
Mantel-Haenszel method and a value of <0.05 was 
considered statistically significant. 


Fesults 


A. total of 12,929 pregnancies with completed data 
were reported for the period 1968 to 1978. Anesthetics 
for surgery were administered to 187 women during 
the first trimester of gestation and to 100 women dur- 
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Table I. Spontaneous abortion in dental wives and dental assistants 


Control—no occupational exposure or 
surgery 

Occupational exposure only; no surgery 

Surgery only; no occupational exposure 


Surgery plus occupational exposure 


First trimester 


5.1 0:2 
(8654) 
8.5 + 0.5 
(4088) 
8.) + 3.4 
(122) 
14.3 + 3.2 
(65) 


Second trimester 


P value 
14+ 0.1 i. E 
(8210) 
<0.01 2.6 + 0.3 <0.01 
(3755) 
0.01 6.9 + 3.9 <0.01 
(54) 
<0.01 0 — 
(46) 





*Rates adjusted for maternal age and smoking history. 


Table H. Congenital abnormalities in offspring of 
dental wives and dental assistants 


First Secona 
Rate* trimesler trimester 


Group 

Control—no occupa- 4.5+ 0.2 — — 
tional exposure or (8006) 
surgery’ 

Occupational exposure 5.0 + 0.4 — — 
only; no surgery (3624) 


Surgery only: no occu- — 3.1416 5.8 + 4.2 
pational exposure (103) (48) 
Surgery plus occupa- — L238. 258 17 
tional exposure (51) (46) 


There were no significant differences for any group com- 
pared to the control. - 


*Rates adjusted for maternal age and smoking history. 


ing the second trimester. Occupational exposure to in- 
halation anesthetics, either direct (dental assistants) or 
indirect (wives of exposed male dentists), was assaci- 
ated with a significant increase in the spontaneous 
abortion rate over that in the control group dur.ng 
both trimesters. Anesthesia for surgery during eitier 
the first or second trimester was also associated with 
increased fetal loss. There was ne significant increase 
noted in the number of congenital abnormalities in 
children born to women who had surgery during 
pregnancy. Results are shown in Tables I and II. 


Comment 


It has been estimated that as many as 0.5% to 2.0% of 
all pregnant women undergo surgery during gestacion 
for reasons unrelated to pregnancy. 3 In our survey, 
9.2% of the respondents had surgery during the first or 
second trimester of pregnancy. The potential hazards 
of anesthesia as related to interference with maternal 
and fetal physiology have been discussed by Pedersen 
and Finster.* In the clinical situation it is especially 
difficult to separate the effects of anesthesia from nose 
of surgery. Several animal studies have demonstrated 
that acute exposure to anesthetics alone in varying con- 
centrations at critical times during gestation can lead to 


spontaneous abortion or congenital abnormalities.*-° 
However, species variation, concentrations and types of 
anesthetic used, and duration of exposure differ from 
study to study, making interpretation of the results of 
these animal studies to human pregnancy difficult. 

Despite the very large numbers of pregnant women 
requiring anesthesia, there have been few reports of 
fetal outcome. Two previous studies have considered 
the problem.” * In the first of these studies, 67 of 
18,493 (0.36%) pregnant women underwent surgery.’ 
Only 10 of these women had surgery during the first 
trimester of pregnancy, and in this group two fetal 
deaths occurred. Since one of the fetal deaths was as- 
sociated with maternal death, the actual incidence of 
perinatal mortality associated with first-trimester sur- 
gery in this report was 1/9 (11.1%). The sole fetal death 
during first-trimester surgery was in a woman under- 
going spinal anesthesia for appendectomy. Forty-five 
patients had surgery during the second trimester and 
fetal death occurred in five (11.1%). Four of these 
deaths followed Shirodkar procedures for cervical in- 
competence with threatened abortion. No fetal deaths 
were associated with any of the general anesthetics 
administered during the second trimester. No congeni- 
tal abnormalities were noted in the offspring of women 
who had surgery during pregnancy. 


The second study examined records of 9,073 obstet- . 


ric patients, of which 147 (1.6%) had surgery during 
pregnancy.” These patients were compared to a control 
group of women who did not have surgery during 
pregnancy. In 47 cases, surgery was performed during 
the first trimester, and four fetal deaths (8.5%) oc- 
curred. The overall perinatal mortality rate in the con- 
trol group, which included fetal deaths during all three 
trimesters, was 2.0%. In those women who underwent 
first-trimester surgery and subsequently were delivered 
of live-born offspring, the incidence of congenital birth 
defects was 9.3%. This was not significantly different 


` from the 6.0% incidence of congenital abnormalities in 


children born to women in the control group. In the 
second-trimester surgery group, fetal deaths occurred 
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in 6/58 women (10.3%). Congenital defects were noted 
in 6/52 (11.5%) offspring of these women. Of the 18 
women who had Shirodkar procedures, the perinatal 
mortality rate was 33.3%. This high fetal mortality rate 
was not unexpected considering the indication for this 


‘surgery. Of the eight patients who underwent major 


extraperitoneal surgery during the first trimester with 
the use of general anesthesia, two (25.0%) had infants 
with a birth defect. However, 2/11 (18.0%) patients 
undergoing minor surgery (cervical biopsy without an- 
esthesia) during the first trimester of pregnancy also 
were delivered of term infants with birth defects. The 
authors concluded that no specific anesthetic agent or 
technique was superior with respect to fetal outcome, 
and that it is the indication for surgery and not the 
anesthetic that is the important factor in predicting 
pregnancy outcome. ' 

Our data base includes information on 187 women 
who had surgery during the first trimester and 100 
women who had surgery during the second trimester 
of pregnancy. In the previous studies the control 
groups were not separated into trimesters in which the 
fetal loss occurred, whereas our control groups were 
divided into first- and second-trimester abortions. In 
addition, while earlier studies were based only cn hos- 
pital records of stillbirths and did not include women 
who aborted outside the hospital, our data include all 
perinatal losses. Finally, the data we report were ad- 
justed for maternal age and for cigarette smoking, both 
representing factors which influence fetal outcome.’ 

We noted a significant increase in spontaneous abor- 
tions in those women who had anesthesia and surgery 
during the first trimester of pregnancy. Previous occu- 
pational exposure to inhalation anesthetics (minimum 
of | year preceding pregnancy) either direct, by 
women dental assistants, or indirect, by the wives of 
dentists, was also associated with increased risk of spon- 
taneous abortion. If the mother was directly or indi- 
rectly occupationally exposed to anesthetics and also 
underwent surgerv during the first trimester, the risk 


of spontaneous abortion increased almost threefold 
above the control. 


Surgery during pregnancy and fetal outcome 1167, 


The absolute rate for spontaneous abortion de- 
creased during the second trimester of pregnancy, al- 
though surgical exposure during the second trimester 
was associated with a proportionally greater risk for 
fetal loss as compared to the first trimester. Since 
Snirodkar procedures are performed during the sec- 
ond trimester, several women presumably had this op- 
eration. Thus, the association between surgery and an- 
esthesia during the second trimester in reference to 
fetal loss is less clear-cut. Again, as in the first trimester, 
occupational exposure to anesthetic gases was associ- 
ated with an increase in fetal loss above the control. No 
spontaneous abortions occurred in the 46 women who 
reported occupational exposure and surgery during 
the second trimester. No apparent explanation is 
available. 

As with the previous reports,” 3 we found no associa- 
ticn between surgery during early pregnancy and con- 
genital abnormalities in live-born offspring. 

The mail survey approach utilized in this study has 
several important limitations, which include possible 
responder bias, inaccurate recall of events, and in- 
complete return rates. In addition, information as to 
the type of anesthetic used and the operation per- 
formed during pregnancy was not available. Despite 
these acknowledged shortcomings, the present study is 
important in that it reports fetal outcome for a large 
series of women who had surgery during early preg- 
nancy. We found a significant increase in fetal losses 
for women who had surgery during the first or second 
trrmester of pregnancy. Although we and others have 
found no increase in the congenital abnormality rate in 
the offspring of women who had surgery during early 
pregnancy, the increased fetal loss in these women 
prompts support to the recommendation to defer all 
buz urgent surgery during gestation. As in previous 
studies, we were unable to determine whether the anes- 
thetic, the surgical procedure, or the combination pro- 
vided the cause for the increased rates of spontaneous 
aborton noted. 


We wish to thank J. Macon Paine for her assistance 
with this study. 
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Evidence that fetal membranes are not involved 
in cortisol metabolism: Study of dichorionic 


twin pregnancies 


A. LOPEZ BERNAL 
A. B. M. ANDERSON 
D. M. PARRY 

A. C. TURNBULL 
Oxford, England 


118-Hydroxysteroid dehydrogenase (118-HSD, E.C.1.1.1.146) activity has been measured in 
samples of decidua, choriodecidua, and chorion obtained from five sets of dichorionic twins, with 
radiolabeled cortisol and cortisone used as substrates. 118-HSD activity was significantly higher in 
the decidua than in the choriodecidua, in both the oxidative (cortisol to cortisone! and reductive 
(cortisone to cortisol) directions {activity expressed as percentage conversion): 53.4% + 6.7% 
versus 38.5% + 7.4% (p < 0.08) and 21.8% + 2.2% versus 15.3% + 3.2% (p < 0.025) 

(mean + SEM, n = 10). No measurable activity in either direction was found in the chorion obtained 
from the wall separating the two amniotic sacs (decidua-free chorion). In both decidua and 
choriodecidua oxidative activity was higher than reductive activity (p < 0.005 for both). These results 
demonstrate that 118-HSD activity attributed to tha chorion.is due to decidua] contamination. 


(AM. J. OBSTET. GYNECOL. 138:1168, 1980.) 


THE FETAL MEMBRANES have been implicated in the 
onset of labor in man, on the basis that these tissues are 
involved in prostaglandin and steroid metabolism.” ? 
Regarding the latter, a variety of steroid-metabolizing 
enzymes have been described in beth amnion and cho- 
rion obtained at term. These include 178-hydroxy- 
steroid dehydrogenase (178-HSDi,* 36-HSD,” * aryl- 
sulfatase (chorion),® 8 aromatase,’ 5a-reductase,? 20a- 
HSD, 118-HSD (chorion),’ and several other steroid 


From the Nuffield Department of Obstetrics and 
Gynaecology, University of Oxford, John Radcliffe 
Hospital. 


This study was supported by a grent from the Fundación 
“Esteban Romero,” University of Murcia, Spain, awarded 
to Á. L. B. 


Part of this work was presented at the One Hundred 
Fifty-eighth Meeting of the Society for Endocrinology, 
London, England, November 22-23, 1979. 

Received for publication April 22, 1980. 

Revised September 11, 1980. 

Accepted September 16, 1980. 


Reprint requests: Dr. A. Lopez Bernal, Department of 

Obstetrics and Gynaecology, University of Oxford, Jonn 
Radcliffe Hospital, Headington, Oxford, England OX3 
9DU. - 


dehydrogenases. The amnion and chorion fuse at the 
end of the first trimester of pregnancy® and thereafter 
remain in intimate contact with the uterine decidua 
until delivery. After delivery, amnion and chorion can 
be easily separated, but the chorion usually has a layer 
of decidua adherent to it,!® which often cannot be to- 
tally removed, even by careful scraping. This makes it 
difficult to determine which enzyme activities are pre- 
sent in the chorion and which are due to decidual con- 
tamination. 

We are interested in the role of human fetal mem- 
branes in corticosteroid metabolism,'! which is regu- 
lated by 116-HSD(E.C.1.1.1.146). Thisenzyme catalyzes 
the interconversion of 118-hydroxycorticosteroids 
(cortisol) into biologically less active 1 1-oxo-metabolites 
(cortisone), an important conversion in view of the 
possible involvement of cortisol in the onset of labor 
and fetal maturation. Although 118-HSD has been 
considered a chorionic enzyme,” we present here 
evidence which does not support this belief. We have 
studied 118-HSD in membranes obtained from 
dichorionic twins, where it is possible to obtain chorion” 
totally free of decidual contamination from the wall 
separating the two amniotic sacs; our results show that 
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Fig. 1. Cortisol-to-cortisone conversion by homogenates of 
decidua, choriodecidua, and chorion obtained from dichori- 
onic twins. Each point represents the mean of duplicate mea- 
surements. For each tissue the values on the left column cor- 
respond to the first twin and those on the right column, to the 
second twin. See text for further details. 


118-HSD activity is of decidual, rather than chorionic, 
origin, 


Material and methods 

{1,2-"H]-Cortisol (specific activity 44 Ci/mmole, 
[1,2-3H]-cortisone (specific activity 35.4 Ci/mmole), 
[4-"* C]-cortisol (specific activity 55 mCi/mmole), and 
[4-"C]-cortisone (specific activity 58 mCi/ mmole) were 
purchased from the Radiochemical Centre, Amer- 
sham, England. Purity was checked by thin-layer chro- 
matography (TLC) and improved when necessary. 
Nonradioactive steroids and the cofactors nicotina- 
mide adenine dinucleotide phosphate (NADP*) and 
nicotinamide adenine dinucleotide phosphate, reduced 
form (NADPH) were obtained from Sigma Chemical 
Co., St. Louis, Missouri. All solvents used were reagent 
grade from Fisons, Loughborough, England. 

Fetal membranes were obtained from five sets of 


_ dichorionic twins. Gestational age ran ge was from 35 to 





39 weeks. Labor was of spontaneous onset in three 
cases and induced in two: one with oxytocin and one 
with prostaglandin E; (vaginal pessary). In all cases 
both infants were delivered vaginally with the use of 
epidural anesthesia and all were in good condition at 
birth. Nine were female and one was male. Placentas 
and fetal membranes were carefully investigated im- 
mediately after delivery. The wall separating the two 


E a . « epo 
 ammouc sacs was identified. Only those cases where 


this wall consisted of two amnions and two chorions 
(dichorionic twins) were considered for study. Sam- 
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Fig. 2. Cortisone-to-cortisol conversion by homogenates of | 


decidua, choriodecidua, and chorion obtained from dichori- 
onic twins. Each point represents the mean of duplicate mea- 
surements. For each tissue the values on the left column cor- 
respond to the first twin and those on the right column, to the 
second twin. See text for further details. 


ples of decidua-contaminated chorion (choriodecidua), 
decidua-free chorion (chorion, obtained from the 
separating wall), and decidua dissected off the chorion 
(decidua) were taken from each sac. No samples of 
amnion were taken since this tissue has no 11B-HSD 
activity.'! 1 The tissues were washed in saline, blotted 
dry, weighed, and minced before homogenization, 
Homogenates were prepared with a Bühler mechanical 
homogenizer (Bühler, West Germany) in phosphate 
buffer, 0.1M, pH 7.4 (1/10, w/v). 

118-HSD assay. 118-HSD activity was measured as 
described elsewhere." All incubations were performed 
in 0.1M phosphate buffer, pH 7.4. Incubations were 
carried out in tubes containing 1 aCi (approximately. 
0.025 nmoles) of [1,2-°H]-cortisol or [1,2-3H]-cortisone 
plus 2 zmoles of NADP* or NADPH and 5 nmoles of 
substrate in 0.5 ml of buffer. The tubes were placed in 
a water bath at 37° C with continuous shaking. Reac- 
tions were started by the addition of 0.5 ml of homoge- 
nate. Controls consisted of incubation medium without 
tissue. In these conditions reactions were linear for 15 
minutes in the direction cortisol to cortisone and for 30 
minutes in the reverse direction.” At these times, 0.4 
ml duplicate samples of the incubates were taken into 
tubes containing 1 ml of acetone. This immediately 
stopped the reaction. After the acetone was evaporated 
in a stream of nitrogen, approximately 5,000 cpm of 
[4-"C]-cortisol and [4-"C]-cortisone was added to each 
tube. The tubes were extracted twice with 2.5 ml of 
ethyl acetate and the extracts were dried under nitro- 
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Fig. 3. Fetal membranes obtained from an area in contact with the uterine wall. Note the lack of a 
regular line of division between the trophoblastic cells of the chorion and the contaminating decidua. 
De = Decidua; Tr = trophoblastic layer of the chorion; Re = reticular laver of the chorion (after 
Bourne!’); Am = amnion. (Methylene blue. x500.) 


gen and placed on silica gel TLC plates (Kieselge! 60 
Fos4, Merck, West Germany), with 20 wg each of cortisol 
and cortisone as carrier steroids. The plates were de- 
veloped in chloroform/methanol/water (182/17/1. by 
volume). The plates were scanned for radioactivity with 
a Berthold LB 2723 Dinnsicht-Scanner II (Berthold, 
West Germany). The areas corresponding to cortisol 
and cortisone were visualized under ultraviolet light, 
scraped into scintillation vials, and eluted with ethanol. 
After the ethanol was evaporated, 10 ml of Fisofluor 2 
(Fisons, Loughborough, England) was added and the 
radioactivity was measured in a Beckman LS 3133 T 
counter. “C-counts were used to correct each sam- 
ple for recovery. Recoveries averaged 78.8% + 0.7% 
(SEM, n = 56). 118-HSD activity was calculated as the 
initial rate of conversion of substrate into product and 


was expressed as the percentage con version. Idenuty of 


the metabolites was confirmed by recrystallization to 
constant specific activity. 

Microscopy. Tissues from three sets of twins were 
fixed in 3% glutaraldehyde in 0.1M phosphate buffer. 
After postfixation in osmium tetroxide and dehydra- 


tion in an ethanol series, the tissue was embedded in 
Araldite. Thick sections (1 w) were cut on an ultrami- 
crotome and stained with methylene blue for light mi- 
croscopy. 

Statistics. The Wilcoxon signed rank test was used 
for statistical comparisons. In each case results for 
choriodecidua and decidua were paired. The chorion 
was excluded since no 118-HSD activity was found in 
this tissue. Samples from the first twin and the second 
twin were considered as independent pairs. Since it was 
expected from preliminary work that the values in the 
decidua would be higher than those in choriodecidua, 
the one-tailed test was used. All results are given as 
mean + SEM. 


Results 

Scanning of the TLC plates revealed only two peaks 
corresponding to cortisol and cortisone. Cortisol: cor- 
tisone interconversion was, therefore, the only metab-" 
olism detected in the tissues. 

Activity in the direction cortisol to cortisone (oxida- 
tive activity) was significantly higher in the decidua 
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Fig. 4. Chorion obtained from the wall separating the two amniotic sacs in dichorionic twins. Note the 
lack of decidual ussue which is substituted by a fibrin-like material (arrow) which usually divides the 
two adjacent chorionic membranes. Tr and Re as in legend to Fig, 3. (Methylene blue. x 500.) 


than in the choriodecidua: 53.4% + 6.7% versus 
38.5% + 7.4% (p< 0.05, n= 10). No measurable 
L1B-HSD activity was found in the chorion (n = 10). 
Individual values are plotted in Fig. 1. Reductive activ- 
ity (cortisone to cortisol conversion) was also sig- 
nificantly higher in the decidua than in the choriode- 
cidua: 21.3% + 2.2% versus 15.3% + 3.2% (p < 0.025, 
n = 10). Again, no detectable activity was found in the 
chorion. Individual values are plotted in Fig. 2. In both 
decidua and choriodecidua oxidative activity was sig- 
nificantly higher than reductive activity (p < 0.005 for 
both). 

Microscopic examination of the tissues confirmed the 
decidual contamination of the chorion detached from 
the uterine wall (choriodecidua, Fig. 3) and the “pur- 
ity’ of the chorion obtained from the wall separating 
the two amniotic sacs (chorion, Fig. 4). 


Comment 


It has been suggested previously! that decidua-free 
chorion from dichorionic twins might be used to de- 
termine whether prostaglandin production attributed 
to the chorion’® is due to decidual contamination. Cer- 
tainly for corticosteroid metabolism our preliminary 


findings’! suggested that 118-HSD activity might be lo- 
cated in the decidua rather than in the chorion as re- 
ported by others.” ' 

To the best of our knowledge, this is the first study 
where the question of decidual contamination of the 
chorion has been answered by measuring enzyme ac- 
tivity in membranes obtained from dichorionic twins. 
The results show that the chorion itself is devoid 
of 118-HSD activity. Furthermore, decidual 118-HSD 
activity is significantly higher than choriodecidual ac- 
tivity, in both oxidative and reductive directions. Since 
the same amount of tissue (as measured by wet weight) 
was used for all incubations, the lower activity found in 
the choriodecidua is probably due to the “inactive” 
chorionic fraction included in this tissue (Figs. 1 and 2). 
By means of histochemical methods, 118-HSD activity 
has been described in the chorion ( trophoblastic layer) 
in membranes obtained at term, which included one 
dichorionic twin pregnancy.“ However, activity was de- 
scribed as “weak” and the methodology failed to show 
any LIB-HSD activity in the decidua. It could be ar- 
gued that the chorion separating the two amniotic sacs 
may be degenerative since it receives no nutritive sup- 
piy from underlying decidua, and this may influence its 
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metabolic activity. However, microscopic examination 
of this tissue showed its structure to be similar to that of 
decidua-contaminated chorion (Figs. 3 and 4). There- 
fore, we conclude that 118-HSD is of decidual, rather 
than chorionic, origin. 

With our assay conditions, 118-HSD activity in the 
decidua and choriodecidua is higher in the oxidative 
than in the reductive directions. This is in keeping with 
our previous findings"? and in accord with the use of 
tissue homogenates*'’ but does not necessarily go 
against the concept that, toward term, “chorionic”! 
“amniouc’* 


or 
membrane preferentially converts cor- 
tisone to cortisol, therefore providing the fetus with an 
extra-adrenal source of cortisol in amniotic fuid. 

The fetal membranes have been implicated in the 
onset of labor in man.' ? These tissues cover a large 
area in intimate contact with the uterine decidua and 
could therefore participate in the control of uterine 


*López Bernal, A.: In preparation. 
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muscle physiology. Of great interest has been the dem- 
onstration that these tissues possess enzymes related to 
steroid and prostaglandin metabolism.'~* '* However, 
the possibility that decidual contamination might be re- 
sponsible for some of the enzyme activities attributed to 
these tissues has not been fully considered in the past. 
Whether fetal (amnion and chorion) or maternal (de- 
cidua) tissues are responsible for the metabolism of 
hormones involved in the control of parturition is of 
special relevance, particularly with regard to the hy- 
pothesis of a genetically controlled timing of the onset 
of labor.'® The use of dichorionic twins, as in this study 
developed for 118-HSD, could be applied to studies of 
other steroid- and prostaglandin-metabolizing enzymes. 


We thank the staff of the delivery suite, John 
Radcliffe Hospital, Oxford, England, for their help in 
the collection of samples, and Miss Elaine Johnson for 
technical assistance. Dr. Patricia Yudkin was a statistical 
consultant. Professor L. Abad Martinez (Murcia, Spain) 
provided valuable comments. 


R ÁĂ aaae 


REFERENCES 


1. Schultz, F. M., Schwarz, B. E., MacDonald, P. C., and 

Johnston, J. M.: Initiation of human parturition. I. 

Identification of phospholipase A, in fetal chorioamnion 

and uterine decidua, Am. J. Ossrer. GyNecot. 123:650, 

1975. 

Milewich, L., Gant, N. F., Schwarz, B. E., Prough, R. A., 

Chen, G. T., Athey, R., and MacDonald, P. C.: Initiation 

of human parturition. VI. Identification and quantifica- 

tion of progesterone metabolites produced by the com- 
ponents of human fetal membranes, J. Clin. Endocrinol. 

Metab, 45:400, 1977. 

3. Tseng, L., Stolee, A., and Gurpide, E.: In vitro mea- 
surements in human placenta and fetal membranes of 
rates of entry, metabolism and release of steroids, Endo- 
crinology 90:405, 1972. 

4. Gibb, W., Lavoie, J-C. and Roux, J. F: 38-hydroxy- 

steroid dehydrogenase activity in human fetal mem- 

branes, Steroids 32:365, 1978. 

Warren, J. C., and French, A. P.: Distribution of steroid 

sulfatase in human tissues. J. Clin. Endocrinol. Metab. 

25:278, 1965. 

6. Gant, N. F., Milewich, L., Calvert, M. E., and MacDonald, 

P. C.: Steroid sulfatase activity in human fetal mem- 

branes, J. Clin. Endocrinol. Metab. 45:965, 1977. 

Osinski, P. A.: Steroid 118-ol dehydrogenase in human 

placenta, Nature 187:777, 1960. 

8. Hart, D.Mc.: The histochemical distribution of hy- 

droxysteroid dehydrogenases in the human fetal mem- 

branes at term, Histochemie 6:17, 1966, 

Pritchard, J. A., and MacDonald, P. C.: William's Obstet- 


no 


St 


~ 


SS 


rics, ed. 15, New York, 1976, Appleton-Century-Crofts, 
p. 103. 

10. Bourne, G.: The Human Amnion and Chorion, London, 
1962, Lloyd-Luke, p. 10. 

11. López Bernal, A., and Craft, I.: In vitro corticosteroid 
conversion by the human placenta, fetal membranes and 
decidua in early and late gestation, Br. J. Obstet. 
Gynaecol. 86:587, 1979. 

12. Liggins, G. C.: Adrenocortical-related maturational events 
in the fetus, AM. J. OBsTet. Gynecoc. 126:931, 1976. 

13. Murphy, B. E. P: Chorionic membrane as an extra- 
adrenal source of fetal cortisol in human amniotic fluid, 
Nature 266:179, 1977. 

14. Lopez Bernal, A., Flint, A. P. F., Anderson, A. B. M., and 
Turnbull, A. C.: 118-hydroxysteroid dehydrogenase ac- 
tivity (E.C. 1.1. 1.146) in human placenta and decidua, J. 
Steroid Biochem. 13:1081, 1980. 

15. Liggins, G. C., Forster, C. S., Grieves, S. A., and Schwartz, 
A. L.: Control of parturition in man, Biol. Reprod. 16:39, 
1977. 

16. Keirse, M. J. N. C., and Turnbull, A. C.: The fetal mem- 
branes as a possible source of amniotic fluid prostaglan- 
din, Br. J. Obstet. Gynaecol. 83:146, 1976. 

17. O'Hare, M. J.: Corticosterone metabolism by rat ad- 
renocortical cell suspensions and monolayer cultures: the 
effect of damage on ll-dehydrogenase activity, J. En- 
docrinol. 59:141, 1973. 

18. Tanswell, A. K.. Worthington, D., and Smith, B. T.: 
Human amniotic membrane corticosteroid ]l-oxidore- 
ductase activity, J. Clin. Endocrinol. Metab. 45:721, 1977. 


e 


+ 








Diagnosis of fetal death in utero with amniotic fluid 


creatine kinase 
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There is a need for a widely available and accurate method for diagnosing fetal death in utero. The 
accepted standard technique for making this diagnosis is real-time ultrasonography, but this 
procedure is not available at all hospitals. However, almost every hospital laboratory has the 
capability of measuring creatine kinase in body fluids. One huncred eight pregnant women 
underwent real-time ultrasonography and analysis of amniotic fluid for creatine kinase. Ninety-one 
women with conditions that required amniocentesis during the second and third trimesters had a live 
fetus by ultrasonographic examination and a low level of amniotic fluid creatine kinase (0 to 3 sigma 
units per milliliter). Seventeen women with a dead fetus by ultrasonographic examination had an 
abnormally high level of amniotic fluid creatine kinase (5 to 9,8C0 sigma units per milliliter). The only 
erroneous diagnosis in this series involved a set of twins, one of whom was shown by real-time 
ultrasonography to be alive and the other dead. Both sacs contained abnormally high, although 
different, levels of creatine kinase, Analysis of creatine kinase in amniotic fluid is a reliable 
technique for diagnosing fetal death. (Am. J. OBSTET. GYNECOL. 138:1173, 1980.) 


FETAL DEATH in utero is an emotionally difficult ex- 
perience for both the gravid woman and her physician, 
and the situation may be exacerbated by the uncer- 
tainty which often surrounds the diagnosis. Various 
techniques have been used to diagnose fetal death. A 
history of absent fetal movement is subjective and 
prone to error, and may indicate fetal jeopardy rather 
than fetal death.’ Auscultation of fetal heart sounds 
and fetal electrocardiography are more objective tests, 
but false negatives are well known to occur, ™* Al- 
though there are several radiographic signs of fetal 
death, such as collapse of the fetal skull and intrafetal 
gas, these require days to weeks to develop, and the use 
of radiographic procedures necessitates exposure of a 
potentially viable fetus to x-radiation. The use of Dop- 
pler ultrasound is a reasonably reliable means for de- 
termining the presence or absence of fetal life, but er- 
rors have occurred with this technique.’ Ultrasound 
B-scanning has also been used, but considerable ex- 
pertise is required to interpret the scans. 
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The most sensitive and specific technique for diag- 
nosing the presence or absence of fetal life is real-time 
ultrasound.” 7 Using this method, Levine and Filly® 
made only one error in 390 cases, that in a patient with 
twins, one of whom was dead. Since real-time sonog- 
raphy is not currently available at all hospitals, there is 
a need for a simple laboratory test which has a high 
predictive value for both fetal life and death. 

in 1974, Kerenyi and Sarkozi? proposed that the 
measurement of creatine kinase (CK) in amniotic Auid 
may be a valuable test for determining the presence or 
absence of fetal life, but their work has apparently re- 
ceived little attention. The present study was undertak- 
en to: (1) confirm the findings of Kerenyi and Sarkozi; 
(2) assess the effects of a variety of maternal and fetal 
conditions on CK activity in amniotic fluid; (3) study 
the effects of blood and meconium staining of amniotic 
fluid on CK activity; and (4) attempt to determine the 
source of increased CK activity in amniotic fluid after 
fetal death. 


Material and methods 


Patients. One hundred and eight pregnant women 
underwent real-time sonography and amniocentesis. 
One patient with twins, one alive and one dead, un- 
derwent amniocentesis on both sacs. The indications 
for amniocentesis, as well as associated maternal and 
fetal conditions, for the 92 patients who had a live fetus 
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Table I. Indications for amniocentesis and associated 
conditions with a live fetus* 











Indication No. of patienis 
Repeat cesarean section 28 
Hypertension 14 
Diabetes mellitus 13 
Premature labor l1 
Isoimmunizaton 6 
Hydramnios 5 
Postaglandin-induced abortion 4 
Twin gestation? 4 
Possible amnionitis 3 
Fetal neural tube defect 2 
Postdates 2 
Positive oxytocin challenge test 2 
Premature rupture of membranes 2 
Large—for—gestational age fetus ] 
Chronic renal disease l 
Pneumonia ] 
Breech presentation | 
Thanatophoric dwarf l 
Herpes genitalis l 
Sickle cell anemia l 
Placenta previa l 
Elective induction of labor ] 
Third-trimester bleeding l 
Falling urinary estriol levels l! 





* Nine patients had two indications; three patients had three 
indications. 
+In one case of twins, one twin was dead. 


by real-time sonography are listed in Table I. Fourteen 
patients were in the second trimester of pregnancy, 
and 78 patients were in the third trimester. Amniocen- 
tesis was performed in these patients only for diagnos- 
tic or therapeutic purposes (lecithin: sphingomyelin 
ratio, Aoptical density at 450 nm, instillation of aborti- 
facients, etc.), and not solely for this study. Seventeen 
patients had a dead fetus as determined by real-time 
sonography, and all subsequently were delivered of a 
dead fetus. Amniocentesis was performed on these pa- 
tients in order to instill abortifacients or to observe the 
color of the amniotic fluid. The cause of fetal death, 
when known, and the estimated length of time that the 
fetus had been dead at the time of amniocentesis are 
shown in Table II. Seven of these patients were in the 
second trimester and 10 were in the third trimester at 
the time of fetal death. 

Real-time sonography. All patients underwent real- 
time sonography prior to amniocentesis. Scans were 
performed with a linear-array, real-time scanner using 
a 3.5 megahertz transducer (ADR model 2130, Tempe, 
Arizona). The diagnosis of fetal life was based upon the 
observation of fetal cardiac motion. Fetal death was 
diagnosed if fetal cardiac and vascular motions were 
absent. Frequently, other suggestive signs of fetal 
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death, such as collapse of the fetal skull or scalp edema, 
were also observed. 

Creatine kinase determination. Specimens of amni- 
otic fluid were centrifuged at 3,000 rpm for 10 minutes 
and the supernatant was stored at 10° C. CK activity 
was determined within 24 hours of collection by the 
Rosalki method? and Sigma No. 45 UV reagents (Sigma 
Chemical Co., St. Louis, Missouri) at 25° C. The adult 
serum CK reference range is 0 to 12 sigma units per 
milliliter. CK isoenzymes were determined by elec- 
trophoresis on agarose with fluorescent densitometry 
by means of the Corning ACI method (Corning Medi- 
cal, Medfield, Massachusetts). 


Results 


CK activity of amniotic fluid. Ninety-two patients 
with a live fetus determined by real-time sonography 
underwent amniocentesis. With the exception of the 
four patients who underwent prostaglandin-induced 
abortion, all subsequently were delivered of a live fetus. 
In 91 of the 92 cases, the amniotic fluid CK activity was 
0 to 3 sigma units per milliliter. In the one other case, 
the CK activity was 210. In the latter case, the fetus was 
alive, but its monochorionic twin in the other sac was 
dead, with an amniotic fluid CK of 1,070. Possible ex- 
planations for this finding are discussed below. In 17 
patients, a dead fetus was diagnosed by means of real- 
time ultrasonography, and all 17 were delivered of a 
dead fetus. The results of analysis of CK in amniotic 
fluid are shown in Table H. All 17 of these patients had 
an amniotic fluid CK activity of more than, or equal to, 
5 sigma units per milliliter (range, 5 to 9,800). There 
was a rough positive relationship between CK activity 
and the length of time since fetal death (r = 0.39). 

CK electrophoresis was performed in 11 cases of 
fetal death (Table H). In all cases the CK-MM isoen- 
zyme was the predominant isoenzyme. Small amounts 
of CK-MB and CK-BB isoenzymes were found in some 
of the cases. 

Color of amniotic fluid. The color of the amniotic 
fluid was noted in all 109 samples. The results are 
shown in Table HI. Ten of the samples from living 
fetuses contained either bilirubinoid pigments, meco- 
nium, or blood, and all had CK activities of 0 or I sigma 
units per milliliter. One live fetus with a dead twin in 
the other sac had brown fluid. Most of the amniotic 
fluids from dead fetuses were brown; one fluid was 
normal colored, and two were yellow. 

Comment 


+ 
Wherever available, real-time ultrasonography is the 
method of choice for ascertaining the presence or ab- 












Estimated time 





Cause of death 


1. {soimmunization 1-2 

2a Multiple anomalies 1-2 
-3 Idiopathic hydrops 3 

4, Anencephaly 2-3 

5. Fetal cardiac anomaly 6 

6. Fetomaternal hemorrhage 2 

7 Unknown 2-3 

8 Unknown 4 

9, Unknown 4 

10. Unknown 14-21 

11. Unknown Unknewn 
12, Unknown 28 
13. Unknown 21 
14. Twin-twin transfusion 21 
15. Unknown 14-21 
16. Unknown 56 
17. Unknown 14 






since fetal death (days) 





Diagnosis of fetal death in utero 1175, 










CK total* 
(segma units/ml) 


CK-MB 
(sigma units/ml) 


CK-BB 
(sigma units/ml) 









5 
10 0.5 2.9 
3] 
4] ‘Trace ND 
58 
196 Trace Trace 
255 ND? ND 
316 Trace Trace 
420 ND ND 
420 
790 Trace Trace 
880 ND ND 
930 ND ND 
1,070 
1,900 
3,900 ‘Trace ND 
9,800 ND ND 





*Normal serum range, 0 to 12 sigma units per milliliter. 
TND = None detected. 


Table HI. Color of amniotic fluid 


Live fetuses 


RI Normal 
5 Yellow 
3 Green 
2 Red 
l Light brown* 
Dead fetuses 
l Normal 
2 Yellow 
l Red 
13 Muddy brown 


*Live twin with dead twin in other sac. 


sence of fetal life.” 7 Since this technique is not available 
at all hospitals, a widely available and reliable test for 
fetal life is needed. Such a test is the measurement of 
creatine kinase in amniotic fluid, since this can be ac- 

complished in almost all hospital laboratories. Kerenyi 
and Sarkozi? found low activities of CK in the amniotic 
fluid in 145 normal pregnancies, and increased ac- 
tivities in 12 cases of fetal death. CK activity was normal 
in one case in which the fetus had been dead for less 
than 2 days. Those authors also demonstrated a posi- 
tive relationship between amniotic fluid CK activity and 
the length of time since fetal death, and stated that the 
level of CK in the amniotic fluid probably depended on 
factors other than the length of time since fetal death, 
such as fetal tissue mass and amniotic fluid volume. 

+ There are few other references to amniotic fluid CK 


inthe literature. Mahoney and associates” found the 


amniotic fluid CK activity to be normal at 16 weeks’ 


CK (sigma units/ml) 
0-3 
Bilirubinoid pigments 0-1 
Meconium stained 0 
Blood stained 0-1 
210 
196 
Bilirubinoid pigments 5,31 
Blood stained 10 
41-9,800 


gestation in a woman carrying a fetus with muscular 
dystrophy. Chaube and Swinyard' found increased 
amniotic fluid CK activities in trypan blue-treated rats 
with neural tube defects. 

Qur study has confirmed the findings of Kerenyi and 
Sarkozi. Amniotic fluid creatine kinase is a sensitive 
and specific indicator of fetal death. We found low ac- 
tivities of CK in the amniotic fluid of all cases of live 
fetuses, except one, and increased activities of CK in all 
cases of fetal death. The CK activity appeared to in- 
crease with the length of time that the fetus had been 
dead; but, on the basis of our data, this cannot be used 
reliably to determine the time since fetal death. Amni- 
otic fluid CK activity was unaffected by a wide variety 
of maternal and fetal conditions, including chronic 
fetal distress and fetal neural tube defects. CK activity 
was also unaffected by meconium, blood, and biliru- 
binoid pigments in the amniotic fluid. 
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There was only one false result among the 109 sam- 
ples. This case involved a monochorionic live twin with 
a dead twin in the other sac. It is unlikely that the CK 
molecule, with a molecular weight of 80,000, diffused 
across the dividing membrane. It is much more likely 
that the dividing membrane was damaged at the ume 
of amniocentesis. It is interesting to note that the only 
error in Levine and Filly’s study of real-time ultra- 
sonography also involved a set of twins, one of whom 
was dead.® In the case of twins, abnormal amniotic fuid 
CK activity should be interpreted with caution. 

The source of the CK activity in the amniotic fluid 
after fetal death is most likely the skeletal muscle of the 
fetus. After fetal death, amniotic fluid penetrates the 
fetal epidermis,’ and skin slippage begins within a few 
hours. *? Only a few tissues contain high activities of CK, 
and of these, only skeletal muscle contains the CK-MM 
isoenzyme almost exclusively. The small amounts of 
CK-MB isoenzyme found in several samples may have 
come from skeletal muscle, and the trace amounts of 
CK-BB isoenzyme may have come from myometrium. 

The color of amniotic fluid is often assumed to be a 
reliable indicator of fetal life or death. Jaffin and asso- 
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ciates'4 found brown amniotic fluid in six cases of fetal 
death, and concluded that this finding may be relied on 
as absolutely confirmatory evidence of fetal death. 
Kerenyi and Sarkozi? observed that dark fluid may be 
found in the presence of fetal life, and normal-cqlored 
fluid may be found in association with fetal death. Gol- 
bus and associates™ and Seller’? both described dark 
brown or green-brown fluid at midtrimester amniocen- 
tesis in conjunction with normal fetuses, and attributed 
this color to aged blood pigments. Since we found 
normal-colored fluid in one instance of fetal death, and 
brown fluid in one case of a live fetus, we concluded 
that the color of amniotic fluid is not a reliable indicator 
of fetal life or death. 

In summary, the analysis of creatine kinase in amni- 
otic fluid is a readily accomplished and accurate means 
of diagnosing fetal death. Creatine kinase activity starts 
to rise within 2 days after fetal death, and fetal skeletal 
muscle is probably the source of the CK. The mea- 
surement of CK in amniotic fluid should be utilized in 
centers where real-time ultrasonography is not avail- 
able. The color of amniotic fluid should not be relied 
on for the diagnosis of fetal life or death. 
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Distribution of cardiac output in the unstressed 


pregnant guinea pig 


LOUIS L. H. PEETERS 
GERRIE GRUTTERS 
CHESTER B. MARTIN, Jr. 
Nijmegen, The Netherlands 


Cardiac output (CO) and organ flows were measured in five nonpregnant and 14 pregnant 
unstressed guinea pigs between the thirty-ninth and sixty-fifth postconceptional day by means of 
radionuclide-labeled microspheres. Blood pressure, heart rate, and cardiac output in nonpregnant 
animals were 60 torr, 234 bpm, and 248 ml/min, respectively. These parameters did not change 
significantly during pregnancy. The uterine fraction of cardiac output increased to ~ 18% at term and 
there was an equivalent decrease in the CO fractions to the carcass and skin. Blood flow per gram 
of wet weight increased during pregnancy by approximately 140% and 70% for the thyroid and 
gastrointestinal tract, respectively, but did not change significantly for the heart, brain, kidneys, and 
adrenals. In pregnant animals near term the weight of the heart, kidneys, intestines, and lungs was 
approximately 25% lower than that observed in nonpregnant guinea pigs. (AM. J. OBSTET. GYNECOL. 


138:1177, 1980.) 


CARDIOVASCULAR CHANGES constitute an impor- 
tant part of the maternal adaptation to pregnancy. 
Information on this matter indicates marked species 
differences in both total cardiac output (CO) and its 
distribution. During primate’ ? and sheep’? pregnancy 
CO increases by about 30% and 75%, respectively. 
Changes in CO distribution tend to be more pro- 
nounced when the CO fraction to the uterus in a par- 
ticular species ts larger. The uterine fraction of CO at 
term has been found to vary between 5% in the mon- 
key? and 16% in the sheep,® whereas the size of the 
uterus plus conceptus in these species grows to 6% and 
8% of maternal weight, respectively. 

Inthe pregnant guinea pig the uterus plus conceptus 
may constitute as much as 30% of maternal weight,* 
which is considerably larger than in other small animals 
such as the rabbit (8%)° and rat (18%).® Furthermore, 
the relatively large fetus in the near-term guinea pig 
grows at a rate of 7% per day.’ Therefore, it is likely 
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that during late pregnancy major cardiovascular alter- 
ations are necessary in this species to accommodate the 
rapid growth of the already large fetus. The objective 
of the present study was to investigate the physiologic 
changes in maternal cardiovascular dynamics during 
the course of pregnancy in the guinea pig. 

To avoid interference from anesthesia and surgical 
stress with normal cardiovascular*”'!° and metabolic" 
function, experiments were performed in conscious, 
unstressed animals. 


Material and methods 


Experiments were carried out in five nonpregnant 
and 14 pregnant albino guinea pigs ranging in weight 
from 813 to 965 and from 806 to 1,405 grams, respec- 
tively, All animals were obtained from the “T. N. O.” 
Institution, Rijswijk, Holland. Pregnant animals with 
known postconceptional dates arrived in our labora- 
tory shortly after conception. The animals were al- 
lowed at least 242 weeks for adaptation to their new 
environment. The animals received food and water ad 
libitum until operation. In pregnant animals operation 
was performed before the fifty-fifth postconceptional 
day (term = 68 days) because of a high abortion rate 
associated with operation later on in pregnancy. 

General anesthesia was induced with ketamine hy- _ 
drochloride (2 mg - 100 g™', subcutaneously), xylazine 
(400 ug- 100 g™', intramuscularly) and atropine (5 
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Fig. 1, CO during guinea pig pregnancy (o). The black square 
(m) indicates the mean + SEM for the nonpregnant animals. 


Table I. Hemodynamic measurements in guinea 
pig pregnancy 






Pregnant 








Nonpregnant 
{n = 5) 





39-56 days | 37-66 days 


(n = 6; 


HR (bpm) 234 + 13 250 + 22 230 + 11 
Mean systemic 60 + 3 60 + 3 58t 4 
BP (torr) 
CO: 
mi + min`! 248 + 30 269 + 21 231 + 13 
mi- min- 280 + 38 276 + 18 212 + 18 
kg? 





Values are means + SEM. 


wg: 100 g`', intramuscularly). Adequate anesthesia 
was maintained throughout operation by adding ni- 
trous oxide by mask as required. The animals were 
placed in the dorsal recumbent position. 

By means of techniques described elsewhere," poly- 
ethylene catheters of standardized caliber (outside and 
inside diameters = 0.80 and 0.40 mm, respectively) 
with a tapered and slightly curved tip were inserted 
into the left common carotid artery and a femoral ar- 
tery and advanced into the left ventricle and abdominal 
aorta, respectively, The catheters were tunneled sub- 
cutaneously and exteriorized between the scapulae. 
Most animals recovered within 4 to 6 hours after oper- 
ation. During this recovery period the animals were 
kept warm with an infrared light. Food intake was 
sharply reduced on the first day after operation but 
increased to preoperative quantities within 3 days. This 
phenomenon was considered to be an indication of 
complete fetal and maternal recovery since aborting 
and nonsurviving animals showed incomplete restora- 
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tion of food intake. In order to minimize postoperative 
manipulation, the catheters were flushed once every 
other day with heparinized saline (1: 400). 

The CO distribution was determined between the 
hfth and fourteenth postoperative days. This time 
coincided in nonpregnant animals with diestrus and in 
pregnant animals with a range between the thirty-ninth 
and sixty-hfth postconceptional day. For the mea- 
surements, the animals were placed in a cardboard box 
of about four times their body size. Heart rate (HR, in 
beats per minute) and blood pressure (BP, in torr) in 
the abdominal aorta were recorded promptly. 

Stable readings were usually obtained within 20 
minutes and were assumed to indicate steady-state 
conditions. The CO distribution was determined by 
means of the microsphere technique. 

Microsphere technique. Radioactive “carbonized” 
microspheres, labeled with Sr™, with a diameter of 
15 + 2 um (SD), and suspended in 10% dextran, were 
obtained from the supplier (3M Company, St. Paul, 
Minnesota), Preparation and handling of the micro- 
spheres have been described previously in detail.!® The 
microsphere suspension was diluted aseptically with 
normal saline to a final concentration of 400,000 mi- 
crospheres per milliliter. A sample of this suspension 
was placed in a preweighed glass injection vial and 
warmed to 39° C. Based on previous experience in fetal 
lambs!“ a total of 60,000 microspheres per 100 gm of 
maternal weight was injected (with constant mixing) 
into the left ventricle over a 60-second period. Starting 
from 30 seconds before and continuing until 30 sec- 
onds after the injection, a reference sample of blood 
was withdrawn at a constant rate (0.80 ml/min) from 
the abdominal aorta. This method of mechanical inte- 
gration permits blood flow calculation by the formula: 


Organ flow (ml/min) = 


number of microspheres in 
arterial reference sample 


x withdrawal rate. 


The CO was calculated as the sum of all organ flows. 
Before and after the infusion of microspheres the po- 
siuon of the left ventricular catheter was verified with 
the pressure transducer. HR and BP in the abdominal 
aorta were recorded for 5 minutes after completion of 
the microsphere experiment. A blood sample was then 
collected from the abdominal aorta for measurement 
of blood gases, pH, hemoglobin, and hematocrit, Sub- 
sequently the animal was killed with an overdose of° 
Pentothal; the catheter position was checked at au- 
topsy, and all organs were dissected. On two occasions 
with suspicious pressure tracings, the tip of the left 








Volume 138 
- > Number 8 





Nonpregnant 





Organ (n = 5) 

‘ Total maternal mass 896 + 31 
Total fetal mass m 
Uterus with contents 2 +] 
Myometrium 204 
Mammary gland 6+2 
Carcass 484 + 28 
Skin 167 +9 
Brain 44+ 0.] 
Heart 3.6 + 0.4 
Kidneys 8.8 + 0.4 
Gastrointestinal tract 43 + ] 
Pancreas 14+ 0.4 
Spleen 2?.1+ 0.5 
Liver 38 + 2 
Lungs 10.1 + 1.2 
Adrenals 0.90 + 0.13 
Thyroid 0.15 + 0.02 
Ovaries 0.40 + 0.09 
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Pregnant 





39-56 days 57-66 days 
(n = 6) 
972 + 54 1,147 + 61* 
92 + 22+ 251 + 23* 
118 + 237 294 + 29* 
12+ I 20 + 3 
lil 9+ ] 
439 + 17 456 + 18 
166 +9 181 + 19 
42+ 0.1 4.0 £01 
25 + 02% 2.6 + 0.3t 
6.9 + 0.47 6.6 + 0.34 
38 + It 31 + 1* 
1.7 + 0.2 120.1 
i5 +0. I.2 +01 
32.2 2 36 + 3 
6.1 + 1.0t 78209 
0.68 + 0.04 0.82 + 0.12 
0.13 + 0.02 0.13 + 0.02 
0.24 + 0.02 0.22 + 0.02 


‘commrememncteceretntentmrenninmereinntrneinrtanremientree nner iheeererennunnerrr reentrant eerrirenentsnapane—nnerrreetniyisersereseniinoe 


Values are means + SEM. 


“Significant change (unpaired t test, p < 0.05) as compared to early pregnancy (39 to 56 days). 
tSignificant change (unpaired t test, p < 0.05) as compared to the nonpregnant state. 


ventricular catheter was located in the aortic valve. In 
these animals no myocardial blood flow could be calcu- 
lated and CO was determined by adding an estimated 
myocardial flow. It was calculated that this estimation 
procedure could introduce a maximum error of less 
than 4%. The tip of the abdominal aorta catheter was 
always located between the level of the kidneys and the 
aortic bifurcation. 

Organ dissection. First the skin was removed and 
weighed. After the dissection of both mammary glands, 
multiple skin aliquots were taken from standardized 
areas and placed into preweighed counting vials. Then 
each of the following organs was carefully dissected 
and placed in preweighed vials: thyroid, thymus, lungs, 
heart, brain, and intra-abdominal organs except for in- 
testines and uterus. Paired organs were placed in sepa- 
rate vials. Lungs and liver were cut into suitable pieces 
and divided over several vials. The gastrointestinal 
tract was opened longitudinally over its entire length 
and the contents were rinsed out with normal saline. 
The cleaned gastrointestinal tissue was divided into 
four portions that were anatomically easy to recognize: 
stomach, small intestines, cecum, and colon. These 

„pieces were reduced to suitable aliquots and also placed 
in preweighed counting vials. The uterus was dissected 
next. The placentas were divided into upper and lower 
portions, as described previously,'* and placed in pre- 
weighed vials in the same order as their location within 


the uterus. The dissection of the uterine horns, cervix, 
and vagina was performed as described by Chaicha- 
reon and co-workers.'’ The remainder of the maternal 
body, referred to as the “carcass,” and consisting 
primarily of skeletal muscle, bone, connective tissue, 
and fat, was ground with a Waring Blendor, and 
aliquots of the homogenate were placed in preweighed 
vials. The height of all tissue aliquots in the vials 
was kept below 1.0 cm to avoid a loss in counting 
efficiency.'® Finally, the radioactivity in each aliquot 
and in the reference sample was determined with a well 
scintillation counter (Packard Autogamma Scintillation 
Counter 5220). For statistical reasons” the actual num- 
ber of microspheres was determined in each sample 
from the counts per minute per microsphere and the 
counts per minute per sample. All reference samples 
contained at least 700 microspheres. In some animals 
the smallest organs, such as the thyroid and ovaries, 
contained less than 200 microspheres, giving rise to an 
increased statistical error in the related flow determi- 
nation. Good mixing of the microspheres in the pres- 
ent study was suggested by the close correlation be- 
tween the number of microspheres distributed to 
paired organs (kidneys and adrenals: r = 0.95 and 0.94 
in nonpregnant animals [n = 5] and r = 0.96 and 0.92 
in pregnant animals [n = 14]). 

In the text, means are given together with their stan- 
dard errors. When needed, the results were evaluated 
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Fig. 2. Change in gastrointestinal weight in the course of 


guinea pig pregnancy (9). The black square (a) indicates the 
mean + SEM for the nonpregnant animals. 
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Fig. 3. Relationship between total uterine blood flow 
(ml - min™') and gestational age (a). The black square (w) indi- 
cates the mean uterine blood flow for the nonpregnant 
animals. 


statistically by Student’s t test (unpaired) or by linear 
regression analysis. 


Results 

The data for nonpregnant and two groups of preg- 
nant animals on HR, mean BP, and CO are listed in 
Table I, whereas the pattern of CO per kilogram with 
postconceptional age is illustrated in Fig. 1. None of 
these parameters changed significantly during preg- 
nancy. Changes in the organ weights, the fractional 
distribution of CO, and the regional blood flow are 
displayed in Tables I, IH, and IV, respectively. The 
data in Table I show that the size of the uterus in- 
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Table HI. Percent distribution of CO during 
guinea pig pregnancy 







Pregnant 





Nonpregnant | 39-56 days | 37-66 glays 









Organ (n = §&) {n = G)- 
Uterus 0.5 + 0.1 6.4+0.8* 18.2 + L&t 
Mammary gland 0.7 + 0.2 1.5 02 1.4 + 0.3 
Carcass 46+ 1 44244 34 + |* 
Skin 11.562 17 9.0 + 0.9 5.4 + 0.9* 
Brain 2.1 + 0.5 19+ 0.2 1.7 + 0.2 
Heart 4.0 + 0.5 3.0 + 0.3 4.1 + 0.9 
Kidneys 1443205 IL1 £13* 11.7 + 1.0* 
Gastrointestinal 164+ 1.7 17.3 + 14 20 + 2 

tract 
Pancreas 0.9 + 0.2 2.3 + 0.4* 14+ 03 
Spleen 1.7 +05 15+ 0.3 1.3 + 0.4 
Livert 0.3 + 0.1 02+ 0.1 0.4 + 0.1 
Lungs§ 5 i Le 4 6+ 1 





Values are means + SEM. 

*Significant change (unpaired t test, p <0.05) as compared 
to the nonpregnant state. 

+ Significant change (unpaired t test, p <0.05) as compared 
to early pregnancy (39 to 56 days). 

tHepatic artery flow. 

§Fraction of injected microspheres recovered from the 
lungs (bronchial artery flow and systemic arteriovenous 
shunting). 


creased progressively during pregnancy. Furthermore, 
the weights of the heart, lungs, kidneys, and intestines 
in pregnant animals were 20% to 30% below nonpreg- 
nant values. Fig. 2 shows that during pregnancy the 
weight of the gastrointestinal tract decreased toward 
term. Data on the distribution of CO (Table HI) dem- 
onstrate that in the last 10 days of pregnancy the 
rapidly increasing uterine fraction of CO was paral- 
leled by a significant reduction in the CO fractions to 
the carcass and skin. Also the CO fractions to the 
kidneys and pancreas changed significantly during 
gestation, 

Absolute and relative organ flows are listed in Table 
IV. During pregnancy the upper placental blood flow 
accounted for almost the entire rise in uterine blood 
flow. The almost unchanged absolute blood How to the 
myometrium indicates that the marked increase in 
myometrial mass (Table H) was coupled with a corre- 
sponding decrease in flow per gram of tissue. Fig. 3 
illustrates the progressive increase in UBF with gesta- 
tion. This increase was due to an increase in PBF, 


which was closely correlated with the increase in total, 


fetal weight (Fig. 4). A 
The most pronounced changes in nonreproductive 

tissue fow were observed in the carcass and skin, where 

absolute flow decreased in late pregnancy by more than 


B 
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< Table IV. Regional blood flow during guinea pig pregnancy 








K 


Distribution of cardiac output sa 


Pregnant 








Nonpregnant 39-56 days 57-66 days 
{n = 5) in = 8) (n = 6) 
Organ mi- min™ | mimin ™ 100 gm! | mls min™> | ml> min”! 100 gm mi min ™ 100 emo} 
e Vierus: 

Myometrium 2.1 + 0.8 80 + 17 2.7 205 20 + 4* 2.4 + 0.3 14:3 

Upper placenta ~= = 13:2 2% 121 + 16* 36 + 4 224 + 204 

Lower placenta =- — 0.4 + 0.1* Ph 2* 0.12 + 0.02 SER 
Mammary gland 2.0 + 0.6 36 + 5 4.1 + 0.7 41 +7 ae ee OY 35°27 
Carcass 115 + 14 2544 120 + 14 27 +4 77 + 8t 18 + 2+ 
Skin 29E ear 2423 e 13 + 3t Te et 
Brain 4.9 + 0.6 110 £ 18 52 +03 126 + 10 4.3 t04 108 + 10 
Heart 9.9 + 1.5 305 + 46 7.9 + 0.9 290 + 58 7.8 + 2.0 346 + 104 
Kidneys 36 + 5 402 + 51 28 + 3 413 + 46 29 +2 438 + 34 
Gastrointestinal tract: 39 + 2 90 + 5 47 +5 131 + 11* 49 +2? 156 + lif 

Stomach 8.0 + Ll 131+ 15 9.2 + 1.0 155 + 11 9.3 + 0.9 216 + 25* 

Small intestine 15.6 + 0.9 107 + 12 16.1 + 1.8 127 + 16 18.0 + L1 168 + 14* 

Cecum 72+ 04 66 + 4 11.2 + 1.2* 134 + 15* 11.4 + 0.4* 167 + 31+ 

Colon 8.2 + 0.4 68 + 5 10.0 + 1.3 96 + 10* 10.2 + 0.6* 119 + 11* 
Pancreas 2.3 + 0.6 182 + 51 5.6 + 1.4 337 + 5] 3.3 + 0.7 285 + 33 
Spleen 46+ 1.7 277 + 18 4.1 £0.7 256 + 29 sE o. 259 + 77 
Liver} 1.3 + 0.3 3.9 + 0.6 0.7 + 0.1 2.0 + 0.2 0.9 + 0.1 2.7 + 0.3 
Adrenals 0.74 + 0.08 90 + 12 0.60 + 0.06 87 +7 0.52 + 0.04 77 +9 
Thyroid 0.17 + 0.03 90 + 18 0.24 + 0.05 146 + 31 0.23 + 0.06 217 + 41 
Ovaries 0.31 + 0.05 75 + 14 0.54 + 0.06* 240 + 29* 0.30 + 0.07 141 + 28 





Values are means + SEM. 


*Significant change (unpaired t test, p < 0.05) as compared to the nonpregnant state. 


tSignificant change (unpaired t test, p < 0.05) as compared to ea 
¢ Hepatic artery flow. 


30% as compared to early pregnancy (Table IV). 

Changes in blood flow to other nonreproductive tissues 

were, in general, small. Only the perfusion of the gas- 

trointestinal tract increased significantly during preg- 

nancy. However, while the flow per gram of tissue in- 

creased by 70%, absolute blood flow increased by only 
pa 26% because of the lower tissue weight during preg- 
«nancy. Blood flow increases in different regions of the 
a gastrointestinal tract were largest in the cecum and 
smallest in the stomach. 





Comment 

These observations are probably the first reported 
on CO distribution in unstressed pregnant guinea pigs. 
Blood flows in this study were determined by means of 
; the microsphere technique, Although this method has 
| been used in pregnant and nonpregnant guinea pigs 
for several years, its validity in this species has never 
been explored. In the present study it was found in 
nonpregnant animals that 5% of the injected micro- 
spheres were recovered from the lungs, which is a 
_.-lewér amount than that which has been reported for 
om crospheres of similar size in unanesthetized rabbits." 

In a preliminary study in two pregnant guinea pigs, a 





rly pregnancy (39 to 56 days). 


negligible number of microspheres was collected in a 
blood sample withdrawn simultaneously with the arte- 
rial reference sample from the upper portion of the 
inferior vena cava. Since the fraction of injected micro- 
spheres in the lungs also did not increase during preg- 
nancy, it was concluded that 15 wm microspheres are 
not shunted in significant amounts across the hemo- | 


chorial placenta of the conscious guinea pig. The mi- 7. 


crosphere injection as performed in the present study 
neither gave rise to any noticeable maternal discomfort 
nor induced any appreciable change in HR and BP. 
However, experiments carried out in preparation for 
this study indicated that injecting a dose about three — 
times as large as in the present study or infusing the 
suspension at twice the speed we employed could give 
rise to a transient rise in maternal BP and, occasionally, 
nystagmus. These effects have been previously de- 
scribed for the rabbit” and dog.?! The injection of an 
ice-cold microsphere suspension may induce shivering. 
Finally, adequate mixing of microspheres at the injec- 
tion site was suggested by the close correlation between 
the number of microspheres recovered from paired 
organs. 

The data on HR and BP in the nonpregnant animal 
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Fig. 4. Relationship between total upper placental blood flow 
and total weight of the conceptus. 
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Fig. 5. The relationship of blood flow between the uterus, on 
the one hand, and the carcass and skin, on the other hand, in 
the course of guinea pig pregnancy. 


obtained in the present study were similar to those re- 
ported previously for unrestrained guinea pigs.” 78 
Neither parameter changed significantly in the course 
of pregnancy. In several species mean arterial BP tends 
to decrease, and HR to increase, during pregnancy. 
The CO of 280 ml/min in the nonpregnant guinea pig 
was similar to that reported for the rat.24 As expected 
from the relationship between CO and body weight,” 
the CO of the guinea pig per kilogram was twice as 
high as that of the rabbit?® and monkey * and more than 
three times as high as that found in man?’ and sheep.” 
In contrast with the sheep? and the human,’ the guinea 
pig does not experience an increase in CO during 
pregnancy. Apparently all circulatory demands in the 
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Fig. 6. The redistribution of CO during pregnancy in the 
guinea pig. 


pregnant state are effectively met by a redistribution of 
CO. Perhaps this is related to the fact that the CO of 
small mammals is already quite high in the nonpreg- 
nant state. 

A marked increase in the uterine fraction of CO to as 
much as 20% at term dominated the redistribution of 
CO during guinea pig pregnancy. In other mammals 
this percentage has been found to vary between 5% 
and 18%, the fraction being generally in proportion to 
the term fetal-maternal weight rauo.” > ® °S Therefore, 
the higher CO fraction to the uterus in the near-term 
guinea pig is probably related to the higher fetal- 
maternal weight ratio in this species. Because of the 
correlation between placental blood flow and total 
weight of the conceptus (Fig. 4), the placental blood 
How per unit of fetal weight was almost constant be- 
tween the fifty-fifth and sixty-fifth postconceptional 
day. In contrast, Bjellin and co-workers'® reported a 
gradual decrease of placental blood flow per kilogram 
of fetal weight with gestation. This observation might 
be related to the acute setup of their study. A detailed 
discussion on regional blood flow in the pregnant 
uterus of the guinea pig will be presented in a separate 
report. 

Blood flow to the mammary gland was found to in- 
crease in guinea pig pregnancy although the increase 
was less striking than the one reported for the sheep.” 
The rise in mammary flow was proportional to the 
weight increase, indicating no change in relative flow. 
Although ovarian blood flow was significantly in- 
creased during pregnancy, the increase varied mark- 
edly and seemed related to the number of conceptuses 
in the ipsilateral horn, as reported by Byellin and co# 
workers.'® The reduction in ovarian blood flow in late 
pregnancy might be related to the increasing endocrine 
role of the placenta with advancing gestation. 
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In the last 10 days of pregnancy, changes in non- 


-= æ reproductive tissue flow were dominated by decreases 


in CO fractions to the carcass and skin, which seemed 
‘to be associated with the rapidly increasing uterine 
fraction of CO. 

The resulting decrease in absolute flow was particu- 
e larly impressive in the large vascular bed of the carcass 
(Fig. 5). Since BP remained unchanged, lower blood 
flows in the carcass and skin were a result of an increase 
in vascular resistance. It is not clear whether this in- 
crease in vascular resistance is due to neural, endo- 
crine, or metabolic factors. The pregnancy-induced 
CO redistribution in the guinea pig resembles that in 
the near-term ewe,” suggesting that similar mecha- 
nisms may be operating in these species. Since epi- 
nephrine infusion in the near-term ewe causes vaso- 
constriction in the uterus and a marked vasodilatation 
in the carcass,” it is possible that the redistribution of 
CO in the pregnant ewe is triggered by a change in 
adrenergic receptor sensitivity in certain areas of the 
cardiovascular system. A change in the affinity of re- 
ceptor binding sites for epinephrine and/or norepi- 
nephrine induced by some endocrine factor(s) of 
placental origin might also explain the CO redistribu- 
tion. This hypothesis needs to be tested in further 
experiments. 

In the present study the renal fraction of CO de- 
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creased significantly during pregnancy. The fall in ab- 
solute flow was not significant, because of the reduction 
in organ weight. A reduction in CO fraction to the 
kidneys has also been observed in the sheep. This phe- 
nomenon might have been triggered by a mechanism 
similar to the one which caused the increased vascular 
resistance in the carcass and skin. 

The guinea pig fetus grows at a rate of 7% a day in 
the last 2 weeks of pregnancy.” This rapid growth rate 
gives rise to a variety of metabolic changes.“ Food in- 
take increases markedly. A steady increase in gastroin- 
testinal blood flow during the course of pregnancy 
may be related to this increased nutritional demand. 
Whether the concomitant fall in intestinal weight could 
also be attributed to the increased metabolic demands 
of pregnancy is not clear. Weight reduction of other 
visceral organs seems to suggest a systemic rather than 
a local effect. Further investigation, such as measure- 
ment of wet weight/dry weight ratios and possibly tis- 
sue composition, is needed to solve this question. 

The cardiovascular adaptation in the pregnant guin- 
ea pig is summarized in Fig. 6. The redistribution of 
CO was characterized mainly by a shift of Aow from the 
carcass to the pregnant uterus. Flow changes in the 
visceral organs were small and probably related to a 
variety of metabolic changes necessary to accommodate 
the rapid growth of the relatively large fetus. 
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JANUARY 31, 1981 


CONTRACEPTION from PUBERTY to MENOPAUSE 
9:00 am.-~ 945 am. Daniel R. Mishell, jr, M.D. 
“Oral Contraceptives” 
10:00 a.m. -10:45 a.m. 9 Richard Marrs, M.D. 
“Methods Of Abortion” 
71:00 a.m.- 71:45am. Daniel R. Mishell Ir, M.D. 
“LUD.” 
1:30 p.m. -2:15 pm. Richard Marrs, M.D. 
“Sterilization Techniques” 
2:30 p.m. -3:15 pm. Richard Marrs, M.D. 
“Reversal Of Sterilization” 
3:30 p.m. -4:15 pm. Daniel R. Mishell, Jn, M.D. 
“Hormonal Treatment in the Menopausal Women” 


FEBRUARY 14, 1981 


PERINATAL INFECTIOUS DISEASE 
8:00 am. -8:45 am. Gilles R.G. Momi M.D, 
“Toxoplasmosis In Pregnancy” 

9:00 am.-9:45 am. Robert E. Harris, M.D. 
“Urinary Tract Infections and Pregnancy’ 
10:00 arm. - 10:45 am. William H. Swartz, M.D. 
“Applicability of Prophylactic Antibiotics to Perinatology’ 
17:00 am.-14:45 am. Gilles RG. Monif, M.D. 
“Herpetic Vulvovaginitis and Pregnancy’ 

1:30 p.m.- 2:15 p.m. Robert E. Harris, M.D. 
“Syphilis In Pregnancy’ 

2:30 p.m. -3:15 pm. Wiliam H. Swartz, M.D. 

“The Group B Beta Hemolytic Streptococci” 

3:30 pm. -4:15 pm. Gilles R.G. Monif, M.D. 
“Rubella and Rubella Vaccine” 

4:30 p.m. - 5:00 p.m, Panel Discussion 


MAY 2, 1981 
PEDIATRIC-ADOLESCENT GYNECOLOGY 
9:00 a.m. -9:45 am. W. Donald Woodard, M.D. 
“Evaluation of Vaginal Bleeding in Early Childhood” 
10:00 am. - 10:45 am. Stanley F. Gould, M.D. Ph.D. 
*Structural-Congential Abnormalities 
of the Genito-Urinary System” 
17:00 am.-11:45 am. Bruce Albrecht, M.D. 
“Dysmenorrhea in the Young Adolescent’ 





‘ie 1:30 p.m.-2:15 p.m. George Betz, M.D., Ph.D. 
~ ° “Primary Amenorrhea” 
*@. 2:30 p.m.- 3:15 p.m. — Richard Z. Belch, M.D. Ph.D. 






“Ovarian Neoplasms In Children” 
3:30 pm.-4:75 pm. Panel Discussion 


“Evaluation of DES Problems in Infancy and Childhood” 


JUNE @& 1981 es 
UPDATE: THE ENDOMETRIUM AND ENDOMETRIOSIS | 
9:00 am. -9:45 am. Ralph M. Wynn, M.D. 5 
“Histology and Ultrastructure of the Endometrium’’ 
16:00 a.m. - 10:45 am. Ralph M. Wynn, M.D, 
“Histogenesis and Pathology of Endometriosis” 
17:00 am. - 11:45am. Ralph M. Wynn, M.D. 
“Miscellaneous Lesions of the Endometrium” 
1:30 pom. - 2:15 pm. LR. Malinak, M.D. 
“Concepts of Treatment in Endometriosis: 
The Role of Medical and Surgical Therapy’ 
230 pm.-3:15 pm. LR Malinak, M.D. 
“Conservative Operations for Pelvic Endometriosis’ 
3:30 pm. -4:15 p.m. E.R. Malinak, M.D. 
“Management of Advanced Endometriosis” 


JULY 18, 1981 


UPDATE: PERINATAL PROBLEMS 
3:00 am. -9:45 am. Louis Gluck, M.D. 
“Fetal Lung Maturation” 
10:00 a.m. -10:45 am. Robert K. Creasy, M.D. 
“Evaluation of Drugs to Stop Labor’ 
17:00 am. -11:45 am. Louis Gluck, M.D. 
“New Venereal Diseases” 
1:30 p.m.-2:15 p.m. Robert K. Creasy, M.D. 
“Induction of Labor, 1981” 
2:330 p.m.-3:15 p.m. Louis Gluck, M.D. 
“Asphyxia & Intraventricular Hemorrhage” 
3:30 p.m. - 4:75 ppm. Robert K. Creasy, M.D, 
“Intrauterine Growth Retardation’ 


AUGUST 15, 1981 
PERILS AND PEARLS OF INFERTILITY 
INVESTIGATION AND TREATMENT 
9:00 am. -9:45 am. WR. Keye, M.D. 
“Avoiding latrogenic infertility” 
10:00 am.-10:45 am. A. Marsh Poulson, Ir, M.D. 
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Relation of maternal cigarette smoking, obesity, and 
energy consumption to infant size 


J. C. HAWORTH 

JUDITH J. ELLESTAD-SAYED 
JEAN KING 

LOUISE A. DILLING 

Winnipeg, M Manitoba, C anada 


The dietary energy intakes of 153 public patients (94 smokers and 59 nonsmokers) and 383 Private 
patients (208 smokers and 175 nonsmokers) were assessed in the last month of pregnancy. Birth 
weight and crown- -heel length of offspring were related to matemal size (weight for height) and 
smoking habits. Birth weight and length increased significantly with increasing maternal weight for 
height in the Private group. but not in the Public group. In both croups, and in all weight categories, 
infants of smokers were lighter and shorter than those of nonsmokers, Neither the fetal growth 
retardation in the smokers nor the fetal growth enhancement in the overweight. mothers was 
explainable on the basis of maternal dietary energy intake. Matsrnal obesity and cigarette smoking 
act independently of each other and maternal! overweight does not protect the fetus against the 
growth-retarding effect of smoking. (AM. J. OBSTET. GYNECOL. 138:1185, 1980.) 


INTRAUTERINE GROWTH RETARDATION Of infants 
born to women who smoke cigarettes during preg- 
nancy has been well documented.' The cause is not 
known but maternal undernutrition has been sug- 
gested.?"4 In a series.of 44,000 pregnancies, Garn and 
associates* found that the birth weights of infants of 
obese smokers were greater than those of infants of 
smokers in general and similar to those of infants of 
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nonsmokers. They suggested that maternal obesity 


counteracted the growth-retarding effect of smoking 
on the fetus. Unfortunately, birth weights of obese 
nonsmokers were not included for comparison, 

We? recently reported daily nutrient intakes of 302 
smoking and 234 nonsmoking mothers. The dietary 
intake of energy and some nutrients of smokers slightly 
exceeded that of norsmokers. The extra food con- 
sumed by the smokers was entirely accounted for by 
increased eating between meals. 

We report here the relationship of infant size to ma- 
ternal cigarette smoking, weight, and dietary energy 
consumption in the same group of subjects. 


Subjects and methods 


As previously reported,* we studied 153 Public pa- 
tients (94 smokers and 59 nonsmokers) who attended 
the Hospital's antenatal clinic and 383 Private patients 
(208 smokers and 175 nonsmokers) who received their 
antenatal care in obstetricians’ offices. Women with 
ccnditions that might have affected dietary intake or 
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Fig. 1. Birth weight (mean + 1 SEM) in infants of nonsmok- 
ing and smoking mothers in three maternal weight categories. 
Public and Private patients are shown separately. Numbers 
within the columns indicate the number of subjects. Asterisks 
indicate significant differences in the smoking and nonsmok- 
ing means for each pair of bars (*p < 0.05; **p < 0.01; 
FEED < 0.001). 


fetal growth were excluded (e.g., diabetes, renal dis- 
ease, multiple pregnancy). 

With informed consent, dietary intake was assessed 
in the last month of pregnancy as previously described. 
Women smoking one or more cigarettes a day were 
classified as smokers; the remainder, as nonsmokers. 
Height and prepregnancy weight were obtained at the 
first prenatal visit. From height and weight tables,® the 
mothers were divided into three weight categories: un- 
derweight (<90% ideal weight for height), normal 
weight (90% to 110%), and overweight (> 110%). The 
infants were weighed and measured at birth. Data were 
computerized and analyzed by standard statistical 
methods. 
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Fig. 2. Crown-heel length (mean + 1 SEM) expressed as in 
Fig. 1. Asterisks same as in Fig. 1. 


Results 


Public and Private patients were analyzed separately 
since maternal variables were very different in the two 
groups (Table I). There was no difference in any of the 
maternal variables between smokers and nonsmokers 
in the Public group. Private smokers were similar. to 
nonsmokers in height, weight, and parity but smokers 
were slightly younger and had slightly less education 
and a smaller family income. In both Public and Private 
groups, infants of smokers had significantly lower birth 
weights (216 and 224 gm), were significantly shorter 
(1.2 and 1.3 cm), and had smaller head circumferences 
(0.3 and 0.4 cm, respectively). The sex distribution and 
the gestational age of infants of smokers and nonsmok- 
ers was not different in either group. 

Fig. 1 shows the birth weights of infants of mothers 
in the three weight categories. Birth weight increased 
significantly with increasing maternal weight for height 
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Table I. Comparison of maternal var:ables (mean + SEM) in Public and Private patients 


No. 153 = 383 
Age (yr) 21.6 + 0,4 25.6+ 0.2 <0.01 

” Parity 1.04 + 0.11 0.81 + 0.04 <0.05 
Height (cm) 160.4 + 0.5 163.1 + 0.03 <0.001 
Prepregnancy weight (kg) 56.8 + 0.8 57.0 + 0.5 NS 
Pregnancy weight gain (kg) 12.0 + 0.4 13.3 + 0.2 <0.01 
Education {yr} 8.8 + 0.2 121+6.1 <0.001 
Annual family income ($ x 10°) 6.5 + 0.1 11.3+ 0.3 <0.001 
American indian (%) 61 ] <0,0001 
Unmarried (%) 67 6 <0.0001 

NS: Not significant. 
in smokers and nonsmokers in the Private group 2800 PUBLIC 


(p < 0.001) but not in the Public group. In both 
groups, within each weight category, infants of smok- 
ers weighed less than infants of nonsmokers (p< 
0.001) and the difference was of about the same mag- 
nitude in all categories, averaging 6% or 210 gm. When 
birth weights were controlled for gestational age and 
sex, this effect of smoking remainec. constant. 
Crown-heel length (Fig. 2) did not differ by maternal 
weight category in the Public group but infants of Pri- 


vate overweight mothers were significantly longer than. 


those of mothers in the other weight categories 
(p < 0.01). Infants of smokers were shorter than those 
of nonsmokers (p < 0.001) by an amount that was simi- 
lar ineach maternal weight category (average 1.3 cm or 
2.5%). 

Dietary energy intake in the Public group did not 
differ significantly by weight category (Fig. 3), but in 
the Private group, energy consumption decreased with 
increasing weight for height (p < 3.01). Energy con- 
sumption did not differ by smoking category except 
that Private smokers of normal weight ate more than 
nonsmokers (p < 0.005). 

Neither birth weight nor crown-heel length differed 
by maternal energy intake in either the Public or Pri- 
vate group (Figs. 4 and 5) but the growth-retarding 
effect of smoking was approximately the same for all 
levels of dietary intake. 


Comment 


This study confirms the findings of Garn and associ- 
ates’ that birth weights of offspring of overweight 
smokers are greater than those of smokers in general 
and similar to birth weights of nor.smokers. However, 
smoking did have a fetal growth-retarding effect in 
overweight mothers; the degree of retardation, in 
terms of weight and length, was approximately the 
same as that in infants of normal and underweight 
mothers. Obesity does not, therefore, counteract the 
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Fig. 3. Maternal energy intake (mean + 1 SEM) expressed as 
in Fig. 1. Asterisks same as in Fig. 1. 


effect of smoking, as suggested by Garn and associates.* 

A simple nutritional cause for growth retardation in 
infants of smokers is unlikely because smokers eat the 
same amount, or even more, than nonsmokers.® 7° It 
is more likely that the growth retardation is due to a 
drect toxic effect of smoking on the fetus.” 
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Fig. 4. Birth weight (mean + } SEM) in infants of nonsmok- 
ing and smoking mothers in three maternal energy intake 
categories. Public and Private patients are shown separately. 
Numbers within the columns indicate the numbers of pa- 
tients. Asterisks same as in Fig. 1. 


The increased size of infants born to overweight 
women in the Private group, as compared to normal or 
underweight women, was not explainable on the basis 
of increased energy consumption. The overweight pa- 
tients in fact consumed significantly less food than their 
nonoverweight counterparts, confirming the findings 
of Beal’! that pregnant overweight women tend to de- 
crease their food intake. There was no correlation pe- 
tween birth weight and maternal energy intake.® The 
influence of maternal size on birth weight is well 
known! !3 and appears to be independent of preg- 
nancy weight gain'* '§ as well as maternal energy in- 
take. 
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Fig. 5. Crown-heel length (mean + 1 SEM) expressed as in 
Fig. 4. Asterisks same as in Fig. 1. 


We conclude that the factors responsible for growth 
retardation in infants of smoking mothers and the fac- 
tors involved in the growth enhancement of infants of 
obese mothers act independently of one another and 
neither effect is explainable on the basis of maternal 
dietary intake. Infants of overweight smokers have 
about the same degree of fetal growth retardation as 
infants of smokers in general. 


We acknowledge with thanks the help of many indi- 
viduals, including the staff of the Women’s Centre and 
Mr. Fred Van Aertselaer for expert computer assis- 
tance. 
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The effect of fetal heart rate on cardiovascular 


function during hypoxemia 


HERBERT E. COHN, M.D. 
GEORGE J. PIASECKI, M.S.* 
BENJAMIN T. JACKSON, M.D.* 


Boston, Massachusetts 


The effect of heart rate changes on cardiovascular function during hypoxemia was studied in lamb 
fetuses. In chronic preparations, we determined fetal heart rate, descending aonic blood flow (by 
electromagnetic flowmeter), PO, PCO,, and pH and calculated fetal cardiac output (CO) ard organ 
blood flows (with the use of 15 a nuclide-labelec microspheres). Observations were made during 
control and hypoxemic states either alone or in the presence of parasympathetic blockade by 
atropine. Fetuses exposed to moderate hypoxemia (ewe breathing 10% oxygen! developed a 
significant bradycardia which was prevented by atropine pretreatment; no significant chance in CO 
occurred in either case. Fetuses exposed to severe hypoxemia (8% oxygen) developed bradycardia 
and a significant decrease in CO; atropine pretreatment prevented the bradycardia but failed to 
prevent the decrease in CO. Atropine administerad to the already severely hypoxemic fetus 
increased the heart rate but did not restore the depressed CO. The redistribution of blood flow from 
low-priority (e.g., viscera) to high-priority (e.g., myocardium) tissues correlated with the degree of 
hypoxemia. Myocardial blood flow was greater during hypoxemia when bradycardia was prevented 
by atropine than during hypoxemia alone; otherwise, blood flow distribution in response to 
hypoxemia was unaffected by atropine blockade. (Am. J. OBSTET. GYNECOL. 138:1190, 1980.) 


THE FETAL RESPONSE to interference with its oxygen 
supply is a complex set of cardiovascular adjustments 
in which the heart rate slows, the arterial pressure in- 
creases, and a redistribution of blood flow occurs with 
increasing flow to the “higher priority” organs such as 
the brain and heart at the expense of “lower priority” 
organs such as the viscera and musculoskeletal tissues. 
This phenomenon has been studied extensively, in a 
qualitative sense’ *; however, quantitative changes in 
overall fetal cardiac output and blood flows to all fetal 
tissues have been determined only relatively recently.” 4 

Rudolph and Heymann,’ in studies on the relation- 
ship of the fetal heart rate to cardiac output in chronic 
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fetal preparations under normoxic conditions, found 
that a linear relationship existed between fetal heart 
rate and ventricular output and that spontaneous falls 
in heart rate were associated with reductions in both 
right and left ventricular outputs. If this relationship 
also occurs during hypoxemia, then the slowing in 
heart rate seen as part of the fetal response might cause 
some decrease in cardiac output during hypoxemia; 
maintaining or elevating the fetal heart rate during 
hypoxemia might then lead to maintenance or aug- 
mentation of fetal cardiac output under such condi- 
tions. In 1974, we found that atropine blockade prior 
to fetal hypoxemia prevented the bradycardia usually 
seen but failed to prevent a significant decrease in car- 
diac output®; however, others have found subsequently 
that atropine during fetal hypoxemia not only in- 
creased the fetal heart rate but also augmented indi- 
vidual ventricular outputs.’ The controversy that has 
arisen over the possible beneficial effect of atropine 
during fetal hypoxemia is understandable in view of 
the differences in methodology, definitions of hypox-e 
emia, and levels of hypoxemia used by the various in- 
vestigators. We undertook the present study to investi- 
gate specifically the role of fetal heart rate changes in 
the response to hypoxemia and the relative influence of 
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Table I. Maternal and fetal respiratory and hemodynamic data during hypoxemia (8% oxygen) 





Control- _ Hypoxemia Centrol (atropine pretreatment) 

Maternal artenal: $ l 

Po, (torr) 89 + 2 26 + 1* 92 +4 28 + 2* 

« Peco, (torr) 7 ie 29 +2 28 + 2 33 +2 

pH . 7.52 + 0.03 7.52 + 0.03 7.50 + 0.01 7.44 + 0.03 
Fetal carotid arterial: l 

Po; (torr) 18 +2 9+] l8 +l . TÆ VF 

Pco, (torr) 37 + 1 38 + 0 86 + 1 42 + 2 
pH. 7.44 +0 7:45 + 0.03 7.43 + 0.03 7.35 + 0.04 
Fetal femoral arterial: l 

Po. (torr) 17+1 7+1* 16 +1 6+ it 

Pco, (torr) 38 +1. Sha 42 + 3 47 +3 

pH . 7,42 + 0.01 7.42 + 0.02 7.39 + 0.02 7.33 + 0.027 
Fetal heart rate (bpm) 189 + 7 115 + 5* 188 + 12 214+6 
Fetal arterial pressure 55 + | 68 + 2* 53 + 2 78 + 5t 








(mean) (mm Hg) 


Gestational age: 127.2 + 0.8 days; fetal weight: 2.18 + 0.14 kg; n = Ñ. 


*p < 0.01. 
tp < 0.05. 


the fetal heart rate on quantitative changes in cardiac 
output and blood flows to fetal tissue during different 
levels of hypoxemia. 


Methods 

Animal preparation and methodology. We studied 
surgically prepared fetuses of 12 Dorset ewes at dated 
gestational ages of 124 to 130 days. Each ewe was fasted 
for 36 hours prior to surgery; anesthesia was induced 
with thiamylal sodium and maintained with halothane 


_ and oxygen by endotracheal tube. Following previously 


described principles for in utero fetal surgery,® ® we 
inserted catheters in the fetal carotid artery, jugular 
vein, femoral artery and vein, and amniotic cavity by an 
aseptic technique. In eight of 12 fetuses, we placed a 
cuff type of electromagnetic flow transducer* on the 
fetal descending aorta through a retroperitoneal ap- 
proach. The abdomen of the ewe was closed and a 
maternal femoral artery was cannulated. The catheters 
and the transducer cable were brought subcutaneously 
to the flank of the ewe and protected by a cloth pocket. 
The ewe and fetus recovered during the next 2 to 4 
days postoperatively. 

Fetal heart rate, arterial pressure, amniotic pressure, 
and descending aortic blood flow were recorded con- 
tinuously with pressure transducers, a direct-writing 
recorder,} a cardiotachometer, and an electromagnetic 
Hlowmeter.t 


*C & C Instruments, H312 Venice Boulevard, Los Angeles, 
California 90066. . 

fModel 8800, Hewlett-Packard, 175 Wyman St., Waltham, 
Massachusetts 02154. 

+Mediflow ABC-1000, Omnicraft, Route 5, Box 5550, Au- 
burn, California 95603. 


Poy, Pecos, and pH were measured with a blood gas 
analyzer* in simultaneously drawn maternal and fetal 
arterial blood samples. Fetal cardiac output and quanti- 
tative organ blood flows were measured in every fetus 
by the injection of radionuclide-labeled microspheres." 
Spheres 15 u in diameter with different labels were 
injected simiiltaneously into the superior and/or in- 
fericr vena cava. Reference samples were withdrawn 
contnuously by syringe pumps from fetal carotid and 
femoral arteries during the microsphere injections. 
The rate of withdrawal was approximately 7 ml/min 
for 1.25 minutes. The withdrawal volume was mea- 
sured precisely by determining syringe weight; the col- 
lection period was timed by stopwatch. Sufficient num- 
bers of microspheres were collected in the reference 
samles and in all fetal tissues to permit accurate meäd- 
surement of blood flow. The volume of blood with- 
drawn (3% to 4% of the estimated fetoplacental blood 
volume) was replaced with heparinized maternal blood. 
At tne end of the experiment, the ewe and fetus were 
killed with an overdose of pentobarbital. The fetal or- 
gans and placenta were processed as previously de- 
scribed. The amounts of individual nuclide in each tis- 
sue were determined with a well-type gamma scintilla- 
tion countert and a 400-channel] pulse height ana- 
lyzer.t Calculation of organ blood flows, cardiac output 
and its distribution were performed on a computer. 
Statistical evaluations were made with each fetus serv- 


*Corning Model 165, Corning Glass Works, Medfield, Mas- 
sachusetts 02652. 


‘tNuclear-Chicago Corp., 2000 Nuclear Dr., Des Plaines, 1l- 
linois 60018. 


¢Technical Measurement Corp., 441 Washington Ave., 
North Haven, Connecticut. 
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Table II. Fetal hemodynamic data during hypoxemia (8% oxygen) 


Cardiac output (ml/min/kg) 490 + 29 
Stroke volume (ml/kg) 2.66 + 0.14 
Umbilical blood flow 207 + 14 
(ml/min/kg) 
Organ blood flows} | 
(mlimin/100 gm tissue): 
Myocardial 131 + 29 
Cerebral 98 + 15 
Adrenal 368 + 79 
Visceral 66 +5 
Splenic 376 + 67 
Renal . 163 + 24 
Musculoskeletal 2ra? 
Pulmonary 64 + 13 
*p < 0.01. 
tp < 0.05. 


Hypoxemia 
(atropine pretreatmen! 


454 + 39 265 + 23* 
2.20 + 0.24 126+0.08* u 
200 + 20 165 + 197 . 
154 + 36 385 + 70T 
76+ 15 124 + 15 
393 + 67 1224 + 120* 
 §56+8 12 + 7* 
289 + 65 25 + 227 
162 + 14 32 + 11° 
20 + 2 4t 1* 
48 + 19 11 +6 


{Myocardial and cerebral flows were estimated with femoral arterial blood used as a reference sample. 


Table III. Fetal hemodynamic data during 


hypoxemia (8% oxygen)* 


Heart rate (bpm) 158 = 18 110 + 16+ 
Arterial pressure (mm Hg) 58 = 6 7442 
Cardiac output (ml/min/kg) 416 = 35 211 + 49 
Stroke volume (ml/kg) 2.65 = 0.07 1.91 + €.06 
Umbilical blood. How 187 + 43 114 + 49 
(ml/min/kg) 
Organ blood flowst 
(mlfmin/100 gm tissue): 
Myocardial 91 + 41 359 + 29 
Cerebral 60 +5 85 + & 
Adrenal 155 + 62 337 + 152 
Visceral 75 + 10 12 + Gt 
Splenic 387 + 140 46 + 55 
Renal 143 + l4 $5: 23 
Musculoskeletal 14+ 1 4x 07 
Pulmonary 11] + 33 24 +5 


“Gestational age: 127 + 2 days; fetal weight: 2.45 + 0.18 
kg; n = 2. 
tp < 0.05. 


tMyocardial and cerebral flows were sees with femoral 
arterial blood used as a reference sample. 


ing as its own control by means of a paired t test. 

Maternal hypoxemia was induced by the administra- 
tion of a gas mixture containing oxygen (8% and 10% 
as specified under “Experimental design”), 3% carbon 
dioxide, and nitrogen to the standing ewe as described 
previously. 

Parasympathetic blockade was induced i in the fetus 
by injection of atropine; the efficacy of this blockade 
was assessed on the basis of inhibition of the heart rate 
response to acetylcholine. As atropine (approximately 
0.2 mg/kg) was infused into the fetus, the fetal heart 


rate, arterial pressure, and descending aortic blood 
flow were recorded continuously. After the atropine 
blockade was established and these values had become 
steady, the baseline measurements were repeated. 
Since the atropine blockade lasted only 10 to 15 min- 
utes, the fetuses were rechallenged with the parasym- 
pathetic agonist acetylcholine; if the unblocked re- 
sponse was observed, atropine was again administered. 

Experimental design. The 12 fetuses, in two groups, 
underwent physiologic studies during different hyp- 
oxic states, both alone and in the presence of a 
parasympathetic blockadé with atropine. 

Group I (maternal inspiration of 8% oxygen, eight Gee 
We studied six fetuses in each of two experimental pe- 
riods on separate days. During the first day, each fetus 
was observed at rest and during maternal hypoxemia. 
In the second period, 48 hours later, each fetus was 
studied at rest, during atropine blockade, and during 
hypoxemia in tne presence of atropine blockade. Con- 
tinuous flow transducer recordings of fetal descending 
aortic blood ficw were made during both days of this 
study; microsphere measurements of fetal cardiac out- 
put were made during the second day only, at each of 
the three physiologic states described above. 

We studied two additional fetuses with microsphere 
measuremenits of cardiac ee at rest and SAUNAS 
hypoxemia alone. 

Group 2—Part A (maternal inspiration of 10% oxygen, 

four fetuses). We studied each fetus in individual exper- 
iments on each of 2 days, separated by a 48-hour inter- 
val. On the first day, each fetus was studied during a° 
control period and during each of two experimental 
states: hypoxemia alone and hypoxemia in the pres- 
ence of an atropine blockade. On the second day (48 
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hours later), the sequence of experimental manipu- 
lations was reversed, e.g., if hypoxemia alone had been 
followed by hypoxemia i in the presence of an atropine 
blockade on the first day, then hypoxemia in the pres- 
giles of an atropine blockade was followed by hypox- 
emfa alone on the second day of study. This overall 
sequence of events was reversed in consecutive fetuses. 
Continuous flow transducer recordings of fetal de- 
scending aortic blood flow were made on both days of 
the study. Microsphere measurements of fetal cardiac 
output were made only during the second day of study, 
at each of the three physiologic states described above. 

Group 2—Part B (maternal inspiration of 8% oxygen, 
four fetuses). This part of the study was conducted in the 
same animals used for Part A after completion of those 
experiments and allowance of time for recovery of the 
fetuses. We exposed each fetus to maternal hypoxemia 
(8% oxygen). Five minutes after the induction of ma- 
ternal hypoxemia, each fetus received a bolus of at- 
ropine through the catheter in the inferior vena cava, 
while recordings of fetal heart rate and descending 
aortic blood flow were continued. Following termina- 
tion of hypoxemia, each fetus was monitored through 
the recovery period. 


Results 


Group l. A comparison of the fetal response to 
hypoxemia (maternal inspiration of 8% oxygen) on the 
first experimental day (phase 1) and the response to an 
identical hypoxemic stress in the presence of a fetal 
atropine blockade on day 2 (phase 2) is shown in Table 
I. Data are expressed as mean + SEM. There were no 
significant differences in control values for maternal 
and fetal arterial blood gases and pH, fetal heart rate, 
and arterial pressure between the two phases of this 
study, and the control values were in the. normal range 
for the gestational age studied. 

During phase | (hypoxemia alone) maternal arterial 
Po, decreased to 26 torr (range 24 to 29) within 4 
minutes after the ewe began breathing the low-oxygen 
mixture; this was associated with a fetal femoral arterial 
Po, of 7 torr (range 4 to 10). Fetal arterial Pco, and pH 
remained norma! during hypoxemia. The fetal heart 


rate began to fall within 2 minutes after the ewe began | 


breathing the 8% oxygen mixture and by 3 minutes 
after the induction of hypoxemia remained steady at a 
level 41% below control. Fetal arterial pressure in- 
creased by 24% (p < 0.01). These changes were paral- 
leled by a 29% decrease in fetal descending aortic blood 
flow at 5 minutes (p < 0.05) (Fig. 1, a). 

'T he administration of atropine to the fetus at rest, at 
a dose (approximately 0.2 mg/kg) which effectively 
blocked the chronotropic response to acetylcholine, led 
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Fig. 1. Changes in fetal heart rate (HR) and descending aortic 
blood flow (DABF/KG) during hypoxemia (8% oxygen) (a) and 
dering hypoxemia (8% oxygen) preceded by parasympathetic 
blockade with atropine (b). Data are expressed as mean + 
SEM (n = 4). 


tc a slight increase in fetal heart rate and descending 
acrtic blood flow. As hypoxemia (8% oxygen) was in- 
daced in the presence of the fetal atropine blockade, 
maternal arterial Po, decreased to 28 torr (range 22 to 
35); this was associated with a fetal femoral arterial Po, 
o7 6 torr (range 3 to 10). Fetal pH and Pco, remained 
normal. During the first 3 minutes of hypoxemia, the 
fetal heart rate increased from 200 to 256, then re- 
turned to approximately 210 bpm. Mean fetal arterial 
pressure increased by 47% (p < 0.05). During 5 min- 
utes of hypoxemia, the fetal descending aortic blood 
flow increased briefly, then dropped by 37% (p < 0.01) 
aad remained low (Fig. 1, b). 

In Table II hemodynamic and quantitative blood 
flow data for fetal tissues (based on microsphere injec- 
tions) for the second phase of the study are shown. No 
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Table IV. Maternal and fetal respiratory and hemodynamic data during hypoxemia (10% oxygen) 


Maternal arterial: 


-« PO» (torr) gI +2 
Pco, (torr) 30 + 1 
pH 7.49 + 0.01 

Fetal femoral arterial: 
Po, (torr) 18 + 1 
Pco, (torr) 45 +] 
pH i 7.42 + 0.01 
Fetal heart rate (bpm) 172 + 5 
Fetal arterial pressure (mean) (mm Hg) 58 + 1 


Aypoxemia 
(atropine pretreatment) 


S214 


Gestational age: 127.5 + 1.32 days; fetal weight: 2. Bl + 0. 31 kg; n = 4. 


#p < 0.01. 
tp < 0.05. 


Table V. Fetal hemodynamic data during hypoxemia (10% oxygen) 


Cardiac outpui (ml/min/kg) 486 + 42 
Stroke volume (ml/kg) ` 2.74 + 0.29 
Umbilical blood flow 209 + 13 
Organ blood flows} ) 
(ml/min/1 00 gm tissue): 
Myocardial - 134 + 45 
Cerebral. 123 + 35 
Adrenal 217 + 19 
Visceral Il&B 
Splenic . 320 + 72 
Renal 140 +8 
Musculoskeletal 20:5 
Pulmonary 50 + 19 
*p < 0.05, 


jo. TF 89 + 2 ` 
32 4+ 1] 29+ 1 aL = lt è 
7.50 + 0.0] 7.500 7.51 + 0.01 
9 + 0* li +1 8 t [* 
43 + lf 45 +42 44 + ] 
7.43 + 0.01 7.42 + 0.01 7.41 + 0.01 
114 + 5* 172 +7 208 + 5 
64 + 1* 59 + | 70 + 3* 
Hypoxemia 
(atropine pretreatment) 
468 + 65 570 + 61 
4.23 + 0.53 2.76 + 0.27 
223. + 16 240 + 8* 
356 + 44} 546 + 115* 
169 + 35 242 + 20* 
893 + 136* 733 + 231 
55 + 22 92 + 30 
316 + 152 177 + 91 
138 + 25 170 + 47 
15 + 3 18 +4 
10 +2 


13 +2 


tMyocardial and cerebral Hows were estimated with femoral arterial blood used as a reference sample. 


tp < 0.01. 


significant change in fetal cardiovascular function or in 
the pattern of blood flow distribution occurred during 
atropine administration under normoxic conditions. 
Five to six minutes after the induction of hypoxemia, 
while the flowmeter indicated a 37% decrease in de- 
scending aortic blood How, cardiac output measured by 
the microsphere technique had decreased by 46% (p < 
0.01); stroke volume decreased by 53% (p < 0.0 1), and 
umbilical blood flow decreased by 20% (p < 0.05). 
Blood flow to the myocardial and adrenal tissues (ml/ 
min/100 gm of tissue) increased significantly, while 
blood flow to the visceral, splenic, renal, and musculo- 
skeletal tissues decreased significantly. The proportion 
of cardiac output distributed to the heart, brain, and 
adrenal tissues increased collectively from 6% to 18% 
(not significant) while the proportion distributed to the 
visceral, musculoskeletal, and pulmonary tissues de- 
creased collectively from 52% to 18% (p < 0.01). 

The hemodynamic data of two fetuses subjected to 


hypoxemia (8% oxygen without atropine pretreatment) 
and studied with microsphere injections are shown in 
Table III. There were no significant differences in fetal 
and maternal arterial Pos, Pcoz, and pH between these 
fetuses and those described above during control peri- 
ods and in response to maternal hypoxemia. During 
hypoxemia, fetal cardiac output decreased by 49% and 
stroke volume decreased by 28%. Umbilical blood flow 
decreased by 39%. The percentage of combined ven- 
tricular output distributed to the heart, brain, and ad- 
renal tissues increased from 5% to 22% (not significant) 
while the amount distributed to the visceral, musculo- 
skeletal, and pulmonary tissues decreased from 50% to 
25% (p< 0.01). 

Group 2—Part A. A comparison of the fetal re- 
sponse to hypoxemia (maternal inspiration of 1Q% ° 
oxygen) and the response to an identical hypoxemic 
stress in the presence of a fetal atropine blockade is 
shown in Table IV. 
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Table VI. Maternal and fetal respiratory data 
during hypoxemia (8% oxygen) 


Hypoxemia 
Maternal arterial: 
Po, (torr) 87 + 2 24 + 1* 
.  Pco, (torr) 30 + 1 33 + 1 
pH 7.48 + 0.01 7.44 + 0.01 
Fetal femoral arterial: 
Po, (torr) 18 +2 4 + 0* 
Pco, (torr) 44+ ] 44+2 
pH 7.38 + 0.03 7.35 + 0.03T 
*p < 0.01. 
tp < 0.05. 


During the fetal response to hypoxemia alone, there . 


was a decrease in maternal arterial Po, to 33 torr (range 
29 to 38) within 4 minutes after the ewe began breath- 
ing 10% oxygen; this was associated with a fetal femo- 
ral arterial Po, of 9 torr (range 8 to 11). As the fetuses 
became hypoxemic, fetal heart rate decreased by 34% 
(p < 0.01) and the mean arterial pressure increased by 
11% (p < 0.01). The fetal descending aortic blood flow 
decreased gradually by 23% over a 5-minute period 
(not significant) (Fig. 2, a). 

The administration of atropine (0.2 mg/kg) to the 
fetus led to a slight increase in both fetal heart rate and 
descending aortic blood flow. During the fetal response 
to hypoxemia (10% oxygen) in the presence of the fetal 
atropine blockade, maternal arterial Po, decreased to 
32 torr (range 29 to 36); this was associated with a fetal 
femoral arterial Po, of 8 torr (range 6 to 9). As the 
fetuses became hypoxemic, fetal heart rate remained 
very close to its prehypoxemic level. Arterial pressure 
increased by 18% (p< 0.01). Fetal ascending aortic 
blood How increased very slightly over the first 3 min- 
utes, then decreased very slightly (but not significantly) 
by 5 minutes of hypoxemia (Fig. 2, b). ` 

Hemodynamic and quantitative blood flow data from 
the fetal response to hypoxemia (10% oxygen) alone 
and in the presence of a fetal atropine blockade are 
shown in Table V. 

During the response to hypoxemia alone, fetal car- 
diac output decreased slightly but not significantly; 
stroke volume increased by 54% (0.05 < p< 0.10). 
Umbilical blood flow increased slightly but not signifi- 
cantly. Blood flow to the myocardial and adrenal tissues 
(ml/min/100 gm of tissue) increased significantly. The 
proportion of cardiac output distributed to the heart, 
brain, and adrenal tissues increased collectively from 
8% to 15%, while the proportion distributed to the vis- 
ceral, musculoskeletal, and pulmonary tissues de- 
creased from 49% to 37%; neither set of changes was 
statistically significant. 
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Fig. 2. Changes in fetal heart rate (HR) and descending aortic 
blood flow (DABF/KG) during hypoxemia (10% oxygen) (a) 
and during hypoxemia (10% oxygen) preceded by parasym- 
pathetic blockade with atropine (6). Data are expressed as 
mean + SEM (n = 4). 


During the fetal response to hypoxemia (10% oxy- 
gen) in the presence of a fetal atropine blockade, there 
were no significant changes in fetal cardiac output or 

stroke volume. Umbilical blood flow increased by 15% 
(p < 0.01). Blood flow to the myocardial and cerebral 
tssues (ml/min/100 gm of tissue) increased sig- 
nificantly. The proportion of cardiac output distrib- 
uted to the heart, brain, and adrenal tissues increased 
fom 8% to 20% (p < 0.01) while the proportion dis- 
tributed to the visceral, musculoskeletal, and pulmo- 
mary tissues decreased from 49% to 38% (not sig- 
nificant). 
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Fig. 3. Changes in fetal heart rate (HR) and descending aortic 
blood flow (DABF/KG) during hypoxemia (8% oxygen); an 
intravenous bolus of atropine was administered to each fetus 5 
minutes after the induction of hypoxemia. Data are expressed 
as mean + SEM (n = 4). 


Group 2—~Part B. The arterial blood gas data of 
fetuses that received an atropine bolus following the 
induction of hypoxemia (8% oxygen) are shown in 
Table VI. There was a decrease in maternal arterial Po, 
to 24 torr (range 22 to 26); this was associated with a 
fetal femoral arterial Po, of 4 torr (range 4 to 5). As the 
fetuses became hypoxemic, fetal heart rate decreased 
from 195 to 110 bpm and the descending aortic blood 
flow decreased by 58% (p < 0.01) (Fig. 3). When the 
atropine bolus was administered into the fetal inferior 
vena cava, the tetal heart rate increased abruptly to the 
prehypoxemic level; the descending aortic blood flow 
increased slightly but remained at approximately 50% 
below its control level until the hypoxemic period was 
ended. At that time, the fetal heart rate increased to 
60% above its control value while the descending aortic 
blood flow returned to its control value. 


Comment 


In keeping with current evidence of significant 
physiologic alterations in acute fetal experimentation, 
we performed the present studies in chronic feral 
preparations.''~'8 Control values for the respiratory 


and hemodynamic parameters which we studied were, 


appropriate for gestational age, and there were no 
significant differences in the control values among 
groups of experiments. 
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Fig. 4. Relationship of descending aortic blood ow (DABF/ 
Kg) measured by flowmeter to Cardiac Outpui/Kg measured by 
the microsphere technique. (n = 24 observations in eight 
fetuses.) 


During microsphere measurements of blood flow to 
fetal tissues, a sufficient quantity of sphere was infused 
into the catheter in the inferior vena cava so that ade- 
quate numbers of spheres reached all fetal organs and 
reference samples in conformance with the statistical 
needs of the microsphere technique (at least 400 and 
usually over 1,500 spheres reached each organ).'4 

Methodologic factors may have influenced the mea- 
surement of certain organ blood flows. The use of 
spheres infused into the inferior vena cava only, as op- 
posed to the simultaneous use of differently labeled 
microspheres infused into the superior and inferior 
vena cava, may have led to a slight underestimate of 
pulmonary blood flow, since one cannot determine the 
contribution of return via the superior vena cava to 
pulmonary blood flow. Additionally, the ligation of one 
carotid artery for catheter placement in Group 1 
fetuses could have altered cerebral blood flow in those 
preparations. 

Calculations of fetal organ blood flows were based on 
reference withdrawal samples from the fetal femoral 
artery in all preparations. In the Group 1 studies, both 
carotid arterial and femoral arterial reference with- 
drawals were made in four of six preparations, while in 
Group 2 studies, only femoral arterial reference with- 
drawals were made. Upon comparison of the blood 
flow data calculated with both femoral and carotid ar- 
terial reference withdrawals with those obtained with 
femoral arterial withdrawals only, overall cardiac out- 
put was slightly greater in the former case, but between 
these two methods there were no significant differ- 
ences in the changes of cardiac output and organ blood 
flows in response to perturbations of the physiclogic 
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state. Since Group 2 fetuses had femoral arterial refer- 
ence withdrawals only, we used this reference sample 
as a common basis for all calculations. 

We have. found in our data a correlation between 
changes in cardiac output and changes in descending 
aoftic blood flow. This correlation is somewhat stron ger 
(r = 0.92, p < 0.001) when microsphere data are used 
for cardiac output (CO/kg) and descending aortic blood 
flow (DABF/kg) (the latter was calculated as the sum of 
umbilical blood flow per kilogram plus lower body blood 
flow per kilogram) but is also significant (r = 0.77, 
p < 0.001) when microsphere data for cardiac output 
(CO/kg) are correlated with flowmeter data for descend- 
ing aortic blood flow (DABF/kg). This correlation, de- 
picted graphically in Fig. 4, provides a basis for the use 
of the continuously recorded descending aortic blood 
flow as an indicator of changes in cardiac output. 

Previous studies have shown that during hypoxemia, 
overall fetal cardiac output does not change sig- 
nificantly?; more recently, we® reported that cardiac 
output did decrease significantly during hypoxemia. 
The present study sheds light on this paradox by show- 
ing that changes in cardiac output depend upon the 
level of fetal hypoxemia achieved. This is supported by 
the studies of Peeters and associates,? who demon- 
strated that the pattern of blood flow redistribution is 
different at different levels of hypoxemia. Therefore, 
in any discussion of the fetal response to hypoxemia, 
particularly when different studies are compared, it is 
necessary that the degree of hypoxemia achieved in the 
fetus be clearly defined. For purposes of this discus- 
sion, we arbitrarily define ranges of fetal hypoxemia as 
follows: (1) “mild” (fetal arterial Po,, 12 to 14 torr), 
“moderate” (fetal arterial Poz, 8 to 11 torr), and “se- 
vere” (fetal arterial Pos, 4 to 7 torr). 

We compared four related experimental conditions: 
(1) moderate hypoxemia alone, (2) moderate hypox- 
emia in which the usual fetal heart rate response was 
prevented by parasympathetic blockade, (3) severe 
hypoxemia alone, and (4) severe hypoxemia, in which 
the fetal heart rate response was prevented by para- 
sympathetic blockade. 

The fetus exposed to moderate hypoxemia devel- 
oped a significant bradycardia which was completely 
prevented by atropine pretreatment. With hypoxemia 
alone cardiac output was unaltered and was slightly, 
but not significantly, elevated by the same degree of 
hypoxemia in the presénce of vagal blockade by at- 
ropine. Descending aortic blood flow (flowmeter data) 
decreased modestly with some small differences in the 
flow pattern with and without atropine blockade, but 
none of these changes was statistically significant. With 
this (moderate) level of hypoxemic stress then, there is 
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little apparent effect on fetal cardiac output whether 
bradycardia is allowed to develop or is artificially 
blocked so that the normal heart rate is maintained. 

Even though cardiac output is maintained in the face 
of moderate hypoxemia, delivery of oxygen to fetal 
tissues may still be impaired as a result of decreased 
oxygen conient in circulating blood. As has been previ- 
ously described,’ the fetus responds in this situation by 
shunting blood away from “low-priority” tissues, such 
as skeletal muscle, gut, and kidneys, to the “high- 
priority” tissues, such as heart, brain, adrenals, and 
placenta, Such a redistribution of How did occur in our 
experiments, as shown in Table V. There were some 
variations in the flow distribution to individual tissues 
in the presence of hypoxemia alone versus hypoxemia 
in the presence of an atropine blockade; when viewed 
in toto, however, with the exception of myocardial 
blood flow, which ts discussed below, no clear-cut dif- - 
ferences in the pattern of flow distribution in response 
to hypoxemia alone and hypoxemia with atropine 
blockade were seen. Therefore, as was the case for 
cardiac output, the presence of a parasympathetic 
blockade appears to have little effect on flow distribu- 
tion in response to this specific level of hypoxemia. 

The fetus exposed to severe hypoxemia developed 
-radycardia and a significant decrease in cardiac out- 
put, a response quite different from that of the fetuses 
stressed by moderate hypoxemia. This decrease in 
cardiac output was not dependent on heart rate since 
retreatment with atropine prevented the bradycardia 
seen normally during this level of hypoxemia but failed 
zo prevent the change in cardiac output. Observations 
of descending aortic blood flow, which, as noted above, 
is an indicator of changes in cardiac output, also sup- 
port this conclusion. With hypoxemia alone, descend- 
ing aortic blood flow was maintained for | minute and _ 
then rapidly fell, reaching a low point at 5 minutes. In 
the presence of an established atropine blockade, nor- 
mal descending aortic blood fow was maintained for 3 
minutes after initiation of hypoxemia, then fell and 
-eached a level similar to that without atropine by 5 
minutes and was maintained thereafter. As graphically 
‘llustrated in Fig. 3, the administration of a bolus of 
atropine to the severely hypoxemic fetus restored the 
heart rate to control levels but did not have a significant 
2ffect on cardiac output. Thus, it seems quite clear that 
the decreased cardiac output secondary to severe 
hypoxemia is entirely independent of the bradycardia 
which normally occurs. 

A comparison of blood flow distribution data for se- 
vere hypoxemia (Tables II and III) with those for 
moderate hypoxemia (Table V) immediately indicates 
that the redistribution of blood flow in the face of the 
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low oxygen levels and decreased cardiac output was 
much more intense with regard to the decrease in blood 
flow to the “low-priority” tissues. Conversely, there was 
no greater increase in flow to the “high-priority” tissue 
with severe as compared with moderate hypoxemia. 
Umbilical blood flow decreased significantly, whereas 
with moderate hypoxemia there had been a slight in- 
crease in this parameter. There was also no increase in 
the absolute flow value per unit weight to the brain and 
to the heart in the presence of severe as compared with 
moderate hypoxemia. The fact that there is no further 
increase in blood flow to the vital organs in the face of a 
lower oxygen content in the blood definitely indicates 
that the compensatory mechanisms are beginning to 
fail, This constitutes a physiologic basis for defining 
severe hypoxemia. Redistribution of fetal blood flow in 
response to severe hypoxemia, as seen during moder- 
ate hypoxemia, occurred regardless of an atropine 
blockade. 

Our results are in agreement with those of Parer, 
who found that during maternal hypoxemia (maternal 
arterial Po, = 32.5 torr) an intravenous bolus of at- 
ropine to the hypoxemic fetus caused an immediate 
increase in fetal heart rate but no change in umbilical 
blood fow. We would expect that during this level of 
hypoxemia, which corresponds to our “moderate” 
group, umbilical blood How would be well maintained 
regardless of any change in heart rate during the 
hypoxemic period and that the administration of az- 
ropine would not significantly affect umbilical blood 
flow or overall cardiac output. 

The conclusion of Green and associates’ that at- 
ropine administration during hypoxemia results in an 
increase in both left and right cardiac output must be 
viewed in light of the very mild degree of hypoxemia 
(fetal Po, = 13.4 torr) to which their fetuses were sub- 
jected. The changes in cardiac output which they re- 
ported were also quite small. 

Having dismissed bradycardia as the cause of the 
marked decrease in fetal cardiac output occasioned by 
“severe” hypoxemia, we will speculate briefly on other 
possible causes. The fundamental changes which result 
in this decrease might be associated with alterations in 
preload or afterload affecting the fetal heart and/or 
alterations in the delivery of oxvgen to the fetal 
myocardium. 


A decrease in preload through a reduction in venous 


return to the fetal heart could account for a decrease in 
stroke volume and overall cardiac output, although we 
have no data to support this. There is some suggestion 
in this study that an increase in afterload may have 
been a factor, in that similar increases in arterial pres- 
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sure were seen during moderate and severe hypoxemia 
while greater decreases in tissue blood flow were seen 
during severe as cornpared with moderate hypoxemia. 
This suggests that net peripheral vascular resistance 
might have been higher during severe hypoxemia. 

Oxygen supply to the myocardium is determined‘by, 
myocardial blood How and arterial oxygen content. 
Fisher and associates'® have shown, in the fetal lamb, 
that myocardial extraction of oxygen and glucose is 
equal to values obtained from healthy adults, despite 
the lower arterial levels of oxygen and glucose in the 
fetus, because of the higher level of fetal myocardial 
blood flow. As the arterial oxygen decreases during 
hypoxemia, oxygen delivery also decreases and can be 
compensated for initially by coronary vasodilatation 
and increased flow. Since myocardial blood flow was 
not higher in the presence of severe compared to mod- 
erate hypoxemia and the oxygen content of circulating 
blood was lower in the former instance, delivery of 
oxygen to the myocardium was presumably less and 
may thus have accounted for decreased cardiac per- 
formance. 

It is noteworthy that myocardial blood flow was . 
greater during hypoxemia in the presence of atropine 
blockade than during hypoxemia alone in both mod- 
erate and severe hypoxemia, although the difference 
was significant íp < 0.05) only for the group with mod- 
erate hypoxemia. A similar finding was reported in the 
recent work by Sola and associates!’ who found that, in 
newborn lambs, atropine prevented a bradycardia as- 
sociated with hemorrhage and caused a relative in- 
crease in myocardial blood flow. This may indicate that 


-the myocardial oxygen requirement for a given level of 


cardiac work is greater at a faster than at a slower rate 
and that myocardial blood flow is greater in response to 
greater metabolic demand with the faster rate. This 
rationale has been given previously to explain similar 
phenomena in adult animals." 

In summary, we conclude that the level of hypox- 
emia which the fetus experiences is the major deter- 
minant of its cardiovascular response to such an 
episodic stress. These data indicate that the adminis- 
tration of atropine to the severely hypoxemic fetus 
does not restore its depressed cardiac output although 
atropine does abruptly increase its heart rate. During 
moderate hypoxemia, the fetal adaptations to a di- 
minished oxygen delivery function well and the use of 
atropine does not offer additional benefits to the fetus. 
Indeed, if the utilization of oxygen by the fetal 
myocardium is less efficient at a higher heart rate, as 
suggested, the maintenance of a baseline fetal heart 
rate secondary to atropine blockade may impose an 
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added burden upon the fetus during a prolonged pe- 
riod of hypoxemic stress. Finally, since bradycardia of 
similar magnitude occurs in both moderate and severe 
fetal hypoxemia, this parameter does not serve as an 
accurate gauge of the level of fetal hypoxemia. 
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Ultrasound-facilitated intrauterine transfusions 
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Ultrasound-facilitated intrauterine transfusion was performed on 35 fetuses. Eleven fetuses were 
hydropic and less than 26 weeks’ gestation at the time of the first intrauterine transfusion (IUT). 
Only two (18%) neonates survived. Twelve fetuses were not hydropic and less than 26 weeks’ 
gestation at time of IUT, Six (50%) neonates survived. Corrected neonatal survival rates for three 
hydropic and nine nonhydropic fetuses transfusec after 26 weeks were 100% and 78%, 
respectively. The presence of ascites documented by ultrasound is an adequate indication for an 
IUT and permitted earlier detection of sicker fetuses; however, as a therapeutic aid, ultrasound 
neither diminished the fetal morbidity and mortality associated with the procedure nor completely 
eliminated the neéd for radiography to confirm proper intra-abdominal localization of the transfusion 


tubing. (AM. J. OBSTET. GYNECOL. 138:1200, 1980.) 


In 1963, Liley? performed the first successful in- 
trauterine transfusion (IUT). Adopting and modifying 
his method, 365 fetuses have been transfused since 
1964 at the Boston Hospital for Women (BHW). Since 
1977, a phased-array sector scanning ultrasound sys- 
tem (Varian V-3000)’ has been used to aid in the per- 
formance of IUTs. Proposed advantages of continuous 
ultrasound visualization during an IUT include di- 
minished catheter placement uncertainty, reduced risk 
of fetal morbidity and mortality, continuous ultra- 
sound contact well away from the needle puncture 
site, and avoidance of i ionizing radiation. In this article 
we present the initial experience with ultrasound-aided 
[UT s and compare its advantages and disadvantages to 
x-ray— —facilitated IUTSs. 
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In 1956, Bevis* introduced the use of a spectral ab- 
sorption curve of amniotic fluid obtained at amniocen- 
tesis as a reliable guide to predict the subsequent devel- 
opment of neonztal kernicterus. Liley“ confirmed that 
the severity of hemolytic disease of the newborn could 
be predicted by considering both the size and trend of 
the deflection in the spectral absorption curve at 450 
my of serially obtained amniotic fluid. A population of 
fetuses in whom the optical density (AOD) at 450 mu 
predicted intrauterine death (IUD) was identified. 
Freda’ noted that optical. density deflections greater 
than 0.3 were associated. with imminent fetal death. 
Fig. 1 demonstrates the ominous fetal outcome zone 
for gestations greater than 28 weeks. Above each au- 
thor’s respective “intervention” line, IUT or delivery is 
warranted. The BHW-Umansky line will be described 


in the “Methods” section. 


Queenan’ evaluated amniotic fluid from nonsen- 
sitized patients in the midtrimester, noting that-the 
upper limit of normal AOD at 450 my rises from early 
midtrimester to a peak of 0.10 to 0.11 at 23 to 26 gesta- 
tional weeks. Liggins’ recommended that at maturities 
less than 28 wee <5, a AOD at 450 my between 0.3 and 
0.35 would indicate repeat amniocentesis in 1 week 
rather than an IUT. In the midtrimester, Whitfield® 
considers IUT appropriate when the AOD at 450 my is 
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above or moving in the direction of 0.3. Fig. 2 repre- 
sents the AOD at 450 my in the midtrimester of unat- 
fected pregnancies (according to Queenan) and the 
midtrimester transfusion lines established by the above 
authors. . 

. Sfx years after Liley’s pioneering procedure, Queen- 
an® combined data from 15 medical centers on 1,074 
x-ray—aided IUTs and noted that 81% of fetuses ini- 
tially transfused prior to 26 weeks and 48% of fetuses 
initially transfused after 26 weeks died in utero. Sub- 
sequent reports of large series of x-ray—facilitated 
[UTs from single insututions'”' were confirmatory; 
however, Bowman," advocating the use of LUT, re- 
ported that, whereas transfusion of a hydropic fetus 
prior to 26 weeks carried a 66% perinatal mortality 
rate, transfusion of a hydropic fetus after 26 weeks was 
associated with a perinatal mortality rate of only 49%. 
Additionally only 27 of 81 (33%) nonhydropic fetuses 
transfused. prior to 26 weeks died. 


Methods and material 


From January 1, 1977, to December 30, 1979, 33 
women (35 pregnancies) experienced 87 IUTs. The 
patients were divided into four groups. Group A pa- 
tients were transfused prior to or at 26 weeks asa result 
of ultrasound-detected ascites. Group B patients were 
transfused prior to or at 26 weeks as a result of an 
elevated amniotic fluid AOD at 450 my but did not 
have fetal ascites. Group C patients were transfused 
after 26 weeks as a result of ultrasound-detected fetal 
ascites, and Group D patients were transfused after 26 
weeks as a result of an elevated AOD 450 my and did 
not have fetal ascites. 

Ultrasound evaluation was performed at 22 weeks 
or, if it occurred after 22 weeks, at the ume of the 
initial referral. In these sensitized fetuses, ultrasound- 


detected ascites was an immediate indication for 


IUT. 

If ascites was not noted, ultrasound-directed am- 
niocentesis was performed if indicated by Coombs ti- 
ter, !9 15 and a AOD at 450 mu was obtained, by means 
of scanning spectrophotometric analysis. The fre- 
quency of repeat ultrasound and amniocentesis was 
based on previous reproductive history, antibody titer, 
or initial level of AOD. Usually repeat evaluations were 
carried out within 3 weeks; however, weekly tests often 
were necessary. Prior to 28 weeks a decision to trans- 
fuse was based on the relationship of one or more mea- 
surements of AOD at 450 my to a transfusion line con- 
structed by one of the authors (I. U.)'® (dotted line in 
Fig. 2). Specific values for this line include 0.19 at 21 
weeks, rising to 0.36 at 26 weeks, and then declining to 
0.30 at 28 weeks. After 28 weeks an IUT was indicated 
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Fig. 2. AOD at 450 my in the midtrimester. 


when the AOD at 450 my entered or was very close to 
entering zone III of Liley,4 as modified at the Ross 
Conference on intrauterine transfusion in 1966, by 
raising the height of the intervention-transfusion line 
by 10%'° (dotted BHW-Umansky line in Fig. 1). 
Specific values at 450 mp were 0.30 at 28 weeks’ gesta- 
tion, 0.25 at 30 weeks’ gestation, and 0.20 at 32 weeks’ 
gestation. 

The technique of ultrasound-aided IUT has been 
described in detail.” To summarize, the phased-array 
sectcr scanner (Varian V-3000) system is used to survey 
the maternal abdomen to determine the fetal lie, pla- 
cental position, and optimal site and depth for proper 
needle placement. After a scalpel blade has nicked the 
locally anesthetized skin, a 15- -gauge Tuohy needle is 
passed through the cleansed abdominal wall and uter- 
ine musculature. The Tuohy needle, under continuous 
obse-vation of the ultrasound probe, which is moved 
perpendicularly on the maternal abdomen, is thrust 
into the fetal peritoneal cavity below the level of the 
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' Fig. 3. Gestational week during which the first IUT was per- 
formed. H = Hydrops at. the first IUT; the BHW-Umansky 
transfusion line is indicated by ----. Perinatal outcome: 
e = Survived; © = intrauterine death; + = neonatal death. 


fetal liver, spleen, and umbilicus. Five milliliters of sa- 
line is injected through the needle, serving as an ul- 
trasound contrast agent and as preliminary confirma- 
tion of proper placement of the needle. Gentle aspira- 
tion serves to detect and remove all fetal ascites. Ap- 
proximately 40 to 45 cm of epidural catheter,* with 
stylet removed, is threaded through the Tuohy needle, 
which is then withdrawn. Proper intraperitoneal locali- 
zation is confirmed by injecting 5 ml of Hypaque and 
obtaining one coned-down x-ray film (estimated ma- 
ternal skin dose = 400 millirads). The patient is then 
brought to the antepartum ward for the transfusion. 


To assure optimal red blood cell survival, diminish the | 


chance of graft-versus- -host disease,'® and not overdis- 
tend the fetal peritoneal cavity, fresh, irradiated (5, 000 
rads), 0-negative blood compatible with the mother's 
serum is used, in a volume calculated from the formu- 
la: Volume to be transfused = 100 ml ~ X, where 
X = 10 x (30 weeks — current gestational weeks). The 
fetal heart rate is continuously monitored during the 
IUT. 

The patient may leave the hospital soon after com- 
pletion of the transfusion. Prior to discharge, a repeat 
ultrasound examination confirms the localization of the 
blood within the fetal abdominal cavity and the pres- 
ence of a living fetus. 

For both hydropic and nonhydropic fetuses, the 
schedule for repeat IUTs requires individualization; 


*Lumbar caudal epidural catheter, W stylet, 19 gauge, 36 
inch, Deseret Pharm. Co., Sandy, Utah. 


Model M, Gammator, Isomedics, Inc., Parsippany. New 
Jersey. 
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however, most second IUTs are scheduled 7 days fol- 
lowing the first; third JUTs follow the second by 7 to 10 
days, and a fourth IUT, necessary in eight patients, 
occurred 14 to 21 days after the third. 


Results So 


Of the 33 women, 14/32 (44%) had been sensitized to 
D in associaton with a delivery, abortion, or ectopic 


pregnancy in the United States after 1970, and 7/14 


(50%) had not been given Rho (D) immune globulin. 

The gestational week during which the first IUT was 
performed for all pateints who had analysis of the AOD 
at 450 my amniotic fuid is displayed in Fig. 3. The 
dotted line is the BHW-Umansky transfusion line de- 
scribed above. The three nonhydropic values below the 
“transfusion line” all represented individuals with 
either rapidly rising AODs and/or a previous stillbirth 
in the midtrimester. 

The results of the IUTs are summarized in Table I. 

Group A. Eleven fetuses were transfused 29 times. 
At initial IUT, ascites was confirmed in all fetuses. Five 
fetuses died in utero (two within 24 hours of the trans- 
fusion). Two nonfatal extraperitoneal traumatic Tuohy 
needle insertions were documented. Six live-born in- 
fants were delivered; however, only two babies sur- 
vived (18% of all fetuses transfused in the group). 

Group B. Twelve fetuses received 35 transfusions. 
Four fetuses died in utero, all within 24 hours of the 
IUT (three of four suffered documented trauma at the 
time of IUT). Five nonfatal, extraperitoneal traumatic 
Tuohy needle insertions were documented. Eight 
babies were born alive and six survived (50% of all 
transfused in the group). 

Group C. Three fetuses were transfused seven times. 
Ascites was contirmed in all at the time of IUT. No 


_fetus died in utero and two of three survived; however, 


the one baby who did not survive had congenital ab- 
sence of the kidneys (100% corrected survival of all 
fetuses transfused in this group). 

Group D. Nine fetuses received 16 IUTs. Two 
fetuses died in utero (one within 24 hours). One non- 
fatal, extraperitoneal traumatic Tuohy needle insertion 
occurred. Seven fetuses were born alive and all sur- 
vived (78% of all transfused in this group). 

In sum, 35 fetuses received 87 IUTs. Eleven of 35 
fetuses (31%) died in utero, and seven died within 24 
hours of the procedure. 

All IUDs occurring within 24 hours of the IUT have 
been arbitrarily designated “IUT related.” The total 
IUT-related deaths per number of IUTs was 7/78 or 
8%, and the total [UT-related deaths per number of 
fetuses transfused was 7/35 or 20%. Eight unsuccessful 
and traumatic insertions of the Tuohy needle into the 
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Table I. Results of intrauterine transfusions at BHW, January, 1377 to December, 1979: Fetal condition and 


gestational age at initial transfusion 


No, of fetuses 


No. of IUTs 29 

No. IUDs 5 

No. of IUDs within 24 hr. of procedure 2 
No. of nonfatal traumatic Tuohy insertions ae 

No. of live births 6 
‘Corrected survival (% transfused fetuses) 2 (18%) 


pleural space (4), retroperitoneal space (1), spinal ca- 
nal (1), gastrointestinal tract (1), and “high-pressure 
bloody area” (1) were documented. 


Comment 


Fluoroscopy, as an aid in performing IUT,» 1%14 
often required pretransfusion amniocentesis to inject a 
radiopaque solution and pretransfusion sedatives, 
analgesics, and cough suppressants. Fetal and maternal 
radiation exposure, although diminished by the image 
intensification technique, ranged from 0.24!* to 10” 


rads and 4 to 30 rads," respectively. The depth of fetal. 


penetration could only be estimated. It was hoped that 
the introduction of ultrasound as a technique to re- 
place Huoroscopy would permit accurate and early de- 
tection, treatment, and follow-up of severely affected 
fetuses, elimination of radiation exposure, and the 
diminishing of the morbidity and mortality associated 
with IUT. 

As a diagnostic tool, ultrasound was accurate. 
Ultrasound-detected fetal ascites was always confirmed 
at IUT; therefore, if it was detected prior to 30 to 31 
weeks, IUT was performed. Although fetal ascites is 
usually associated with a high AOD 450 my, this is not 
always true, and in the presence of polyhydramnios 
both the trend and absolute AOD might suggest pro- 


crastination. Reliance on ultrasound avoids this inap- 


propriate delay. 

For post-IUT follow-up, weekly ultrasound exami- 
nation of all transfused fetuses permits observation of 
the rate of absorption of transfused blood from the 
fetal abdominal cavity, the onset or diminution of fetal 


35 

35 ti 16 87 
4 9 2 11 (31%) 

4 9 l 7 

5 9 l 8 

8 3 7 24 
6 (50%) 2 (100%) 7 (78%) 17 (49%) 


ascites, the evaluation of polyhydramnios, and fetal 
movements. 

It was also hcped that the use of ultrasound during 
IUT would significantly diminish the fetal morbidity 
and mortality associated with IUT. Of recent reports of 
x-ray—facilitated JUTs, only Bowman” includes data 
reported in a manner similar to our data. The results of 
the two experiences are statistically similar. A binomial 
test of proportions with the use of Bowman’s" data for 
P and BHW data for numbers of successes and number 
of events yielded no significant differences. 

Statistical evaluation of these risks among the four 
groups is not possible or appropriate; however, the risk 
to an individual fetus per IUT for each fetus can be 
calculated. An analysis of variance showed no statisti- 
cally significant differences in either nonfatal insertions 
per number ot IUTs (F = 0.76, p = 0.52) or IUT- 
related deaths per number of IUTs (F = 1.90, p= 
0.15) for fetuses within any group; however, the small 
number of cases may have reduced the statistical power 
of the F test, so that significant differences may not be 
deteczable. 

It would appear that ultrasound-facilitated IUT de- 
creased radiation exposure and procedure times and 
permitted earlier detection of sicker fetuses, which al- 
lowec salvage of individual fetuses possibly destined to 
have been midtrimester intra-uterine deaths; however, 
the overall perinatal mortality, which probably ts as 
much related to the severity of fetal illness and pre- 
maturity as it is to the skill of the perinatal team, has 
not bzen shown by this report to be reduced by the 
introduction of this new technique. 
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Interrelationships of human chorionic gonadotropin, 
human placental lactogen, and pregnancy-specific 
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Bı-glycoprotein throughout normal human gestation 


kuman chorionic gonadotropin (hCG), human placental lactogen (hPL), and pregnancy-specific 
8,-glycoprotein (PSBG) were measured by radioimmunoassay in 270 samples of serum from 
women with uncomplicated pregnancies. All three proteins were significantly correlated with each 
other in individual samples of serum and with the estimated troproblastic mass during the first 
trimester. No significant correlation could be demonstrated between the concentrations of hCG and 
PSBG in maternal serum during the second or third trimesters or between the concentrations of 

- hCG and hPL during the second trimester. Levels of PSBG and hPL in serum were significantly 
correlated throughout ail three trimesters. These findings suggesi that the secretion of hCG, hPL, 
and PSBG may be regulated by similar control mechanisms during the first trimester of pregnancy. 
However, after this period, the factors that modulate the production of hCG differ from those that 
regulate the production of hPL and PSBG. (Am. J. OBSTET. GYNECOL. 138:1205, 1980.) 


WHEN ONE CONSIDERS the totipotential nature of the 
trophoblast, one is not surprised that this tissue has 
been found to secrete a variety of different substances, 
including several proteins that appear to be preg- 
nancy-specific.’ The qualitative and quantitative pat- 
terns of secretion of two of these proteins, human 
chorionic gonadotropin (hCG) and human placental 
lactogen (hPL), have been well described.” ë Interest 
has also centered around a recently discovered tro- 
phoblastic protein, pregnancy-specific B,-glycoprotein 
(PSBG, also SP,). 7 PSBG is a product of the syncytio- 
trophoblast and, like hCG, appears in the maternal 
bloodstream shortly after implantation.® ° The quali- 
tative pattern of the concentrations of PSBG in mater- 
nal serum throughout pregnancy resembles that of 
hPL, with increasing concentrations being found as 
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pregnancy progresses. H-H This is in contrast to the 
pattern found with hCG, which peaks between the 
eighth and tenth weeks of gestation, followed by a de- 
crease to levels that are approximately one fifth to one 
tenth of the peak concentration.’ These lower levels are 
maictained throughout the remainder of pregnancy.” 

Since all three proteins are synthesized and secreted 
by the placental syncytiotrophoblast,'*"'® the discor- 
dant secretory patterns of hCG and the other two pro- 
teins suggest that the production of hCG is regulated 
differently than the synthesis and secretion of hPL and 
PSB. Alternatively, the secretion of these proteins 
may be differentially modulated as pregnancy pro- 
gresses. This study was designed to examine the inter- 
relationships of these trophoblastic proteins through- 
out normal pregnancy. 


Meterial and methods 


Blood samples. Single samples of blood were ob- 
tained by venipuncture from 270 women who were 
participating in a study of natural family planning, or 
who attended the Obstetrical Clinic at Cedars-Sinai 
Medical Center. All pregnancies were judged to be 
normal at the time that the samples of blood were ob- 
tained. Dating of the pregnancy was based upon the 
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Fig. 1. Weekly concentrations of hCG ir maternal serum throughout pregnancy, The solid dots 
represent the geometric mean, and the outer lines represent the 95% confidence limits. LMP, Last 
menstrual period. l 
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Fig. 2. Weekly concentrations of hPL in maternal serum throughout pregnancy. The solid dots g 
represent the geometric mean, and the outer lines represent the 95% confidence limits. LMP, Last 
menstrual period. 
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Fig. 3. Weekly concentrations of PSBG in maternal serum throughout pregnancy. The solid dots 
represent the geometric mean, and the outer lines represent the 95% confidence limits. LMP, Last 


menstrual period. 


patient’s.last normal menstrual period. After the blood 
had been collected, it was centrifuged and the serum 
was separated and frozen at —20° C until assayed. 
Radioimmunoassays. Previously described radio- 
immurioassay methods! 2 were used to measure hCG 
and PSBG. Measurement of hPL was made by double 
antibody radioimmunoassay with ` reagents obtained 
from, the Hormene Distribution Officer, of the Na- 
tiońal Institute of Arthritis, Metabolism and Digestive 
Diseases, National Institutes of Health, ‘Bethesda, 
Maryland. All three assays have a minimum sensitivity 
of 1 to 2 ng/ml of serum. The intra-assay coefficients of 
variation for the hCG, PSBG, and hPL radioimmuno- 
assays during the period of the study were 7.7%, 10%, 
rand 11%, respectively, whereas the interassay co- 
efficients of variation for each protein were 15.1%, 
12.1%, and 13.9%, respectively. The statistical methods 


of Rodbard* were used for quality control and dose 
inter polation. 

Estimation of trophoblastic mass. Estimates of mean- 
tropnoblastic mass were based upon determinations of 
placental weight performed by a number of inves- 
tigators.22-8 The. percentage of placental mass oc- 
cupied by the trophoblast was derived from the mor- 
phometric data of Vokaer and Eynde,” Martin,’ and 
Lage and associates. ` 

Statistical analysis. The concentration of each of the 
placental proteins in serum conformed to a log-normal 
distribution, and, therefore, logarithmic transforma- 
tion was carried out prior to statistical analysis. Spear- 
mar’s rank order correlation coefficients and fac- 
tor (principal components) analysis were carried out 
thrcugh the use of programs BMD P3S and BMD P4M 
at the Health Sciences Computing Facility, University 
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Fig. 4. Scatter plots and regression analysis of first-trimester concentrations of hCG and hPL in 


serum, measured in the same samples of sérum. 


Table I. Spearman’s rank order correlation 
coefficients for hOG, hPL, and PSBG during 
each trimester 











Trimester — 


PSBG PSBG PSBG 


Protem hPL 


hCG 0.88* 0.83* -0.29 ` -0.13 009 0.45¢ 
hPL 0.87* — 036} — 038} — 
#p < 0.001. 
tp < 0.05. 


of California at Los Angeles, California. All levels of 
significance were corrected for multiple comparisons. 


Results 


The mean concentrations of hCG, hPL, and PSBG in 
maternal serum for each week of gestation are depicted 
in Figs. 1 through 3. A logarithmic increase in the con- 
centration of each protein in serum was noticed during 
the first trimester of pregnancy. Peak levels of hCG 
were reached between 8 and 18 weeks after the last 
menstrual period, followed by a decline to relatively 
constant concentrations throughout the remainder of 
pregnancy (Fig. 1). Both PSBG and hPL demonstrated 


a continuous increase throughout pregnancy, with’ 


peak concentrations in serum being reached late in the 
last trimester (Figs. 2 and 3). 

In order to explore the correlations between each of 
the placental proteins in the individual samples of 


serum, the data were grouped into trimesters and ana- 
lyzed by Spearman's rank correlations. Division of the 
data into trimesters was performed in order to provide 
a sample size that was sufficient for statistical analysis. 
In addition, the correlation patterns were constant 
from month to month within each trimester. There- 
fore, analysis by trimesters reasonably reflected the re- 
lationship for the entire 3-month period. 

The correlation coefficients between each of the pro- 
teins are given in Table I. All three proteins were sig- 
nificantly correlated with each other during the first 
trimester. Principal component analysis of the concen- 
tration of all three proteins in individual samples of 


serum indicated that 87% of the variance of the data- 


was accounted for by a single linear combination in 
three-dimensional space. There was no significant cor- 
relation between concentrations of hCG and PSBG in 
maternal serum during the second and third trimes- 
ters, nor was there a correlation between concentra- 
tions of hCG and hPL during the second trimester. 
However, during the third trimester, hCG and hPL 
were significantly correlated. Both PSBG and hPL were 
significantly correlated throughout all three trimes- 
ters. The scatter plots corresponding to the correla- 
tions between the proteins during the first trimester are 
illustrated in Figs. 4 through 6. 

The ‘estimated trophoblastic mass of the placenta is 
illustrated in Fig. 7. Table II presents the correlation 
between estimated trophoblastic mass and concentra- 
tions of each placental’ protein in the maternal serum 
during each of the trimesters. All three proteins were 
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Fig. 5. Scatter plots and regression analysis of first-trimester concentrations of hCG and PSBG in 
serum, measured in the same samples of serum. 
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Fig. 7. Estimated trophoblastic mass, in grams, throughout normal pregnancy. Data derived from 
References 22 to 31. LMP, Last menstrual period. 


significantly correlated with the estimated trophoblastic 
mass during the first trimester. This significant corre- 
lation was maintained for PSBG and hPL during the 
second and third trimesters of pregnancy. However, 
the correlation between trophoblastic mass and concen- 
trations of hCG in maternal serum was not significant 
during the second and third trimesters of pregnancy. 

In order to evaluate the usefulness of measurments 
of each of these trophoblastic proteins in maternal 
serum for the diagnosis of early pregnancy, the Tre- 
quency of detection, by present methods, of each im- 
munoreactive protein in women during early preg- 
nancy was ascertained. As is illustrated in Fig. 8, hCG 
was detected in the serum of all pregnant patients 4 or 
more weeks after their last menstrual period. Five or 
more weeks were required for 100% positivity for 
PSBG, whereas hPL was not consistently detected in 
pregnant women until 8 or more weeks after the last 
menstrual period. Thus, with the assays used in the 


present study, measurements of hCG were more reli- 
able than determinations of PSBG or hPL for the early 
diagnosis of pregnancy. 


Comment 

The strong correlation between the concentrations 
of hCG, hPL, and PSBG in individual samples of ma- 
ternal serum during the first trimester of pregnancy 
indicates that the synthesis and secretion. of these pro- 
teins are closely related and may be regulated through 
a common mechanism. The qualitative patterns of the 
concentrations of each of these proteins in serum dur- 
ing this period closely resemble the logarithmic in- 
crease of the estimated trophoblastic mass. This sug- 
gests that, on a per cell basis, the secretory rate of each 
of these proteins is relatively constant during ied 
pregnancy. 

The concentrations of hPL and PSBG remain sig- 
nificantly correlated in individual samples of serum 
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Fig. 8. Frequency of detection of hCG, PSBG, and hPL in the sera of early pregnancy. LMP, Last 


menstrual period. 


during the second and third trimesters of gestation, 
and the pattern of secretion of these proteins contit.ues 
to follow the growth of the estimated trophoblastic 
mass. However, during the second and third trimes- 
ters, there are substantial quantitative differences in the 
maternal levels of hPL and PSBG. The fortyfold greater 
concentration of PSBG may be related to a greater 
secretory rate by the syncytiotrophoblast of PSBG rela- 
tive to hPL. Alternatively, the different concentrations 
of these two proteins in serum may reflect the lor-ger 
serum half-life of PSBG (21.5 to 60 hours)!* 3-4 in 
comparison to that of hPL (14 to 29 minutes).* > 35 
Differences in the volume of distribution and metabolic 
clearance rates of these proteins may also account for 
the observed quantitative differences in their concen- 
trations in serum. 

Several investigators have examined the relation- 
ship between the concentrations of hPL and PSBG in 
sera obtained from women during the third trimes- 
ter.!17!4 38 Significant positive correlations have been 


- found by Gordon and co-workers and Schultz- 


Larsen,“ in agreement with our findings. However, 
Lin and associates"! and Towler and associates!” 36 were 
unable to demonstrate a significant relationship, which 
possibly reflects the small number of patients studied 
or the statistical methods employed. As noted above, 
we found that the concentrations of proteins at each 
time interval more closely fit a log-normal than a nor- 
mal distribution, and, therefore, we performed statisti- 
cal analysis after logarithmic transformation or with 
nonparametric statistics. 

In contrast to the significant correlation between hPL 
and PSBG during the last two trimesters of pregnancy, 
no significant correlation was found between hCG and 
hPL during the second trimester or between hCG and 


* PSBG during the second or third trimesters. It is un- 


likely that this dichotomy is the result of differences in 
the half-life (5 to 40 hours),?7-” volume of distribution, 
or metabolic clearance rate of hCG relative to the other 


Table I. Correlations between mean concentrations 
of nCG, hPL, and PSBG in maternal serum and 
esttnated trophoblastic mass during each trimester 












Trimester 
hCG 0.98* | —0.62 0.51 
hPL 0.877 0.804 0.88t 
PSBG 0.96* 0.847 0.807 
#9 < 0.001. 
fo < 0.01. 
ło < 0.05. 


twc proteins, since studies of the qualitative pattern of 
the concentration of hCG in maternal blood or urine 
during pregnancy have consistently shown an increase 
during the first trimester, with peak concentrations be- 
tween 8 and 12 weeks after the last menstrual period, 
followed by a decrease during the second trimester.” 
This occurs without a significant change in the meta- 
bolic clearance rate of hCG in any time interval during 
preznancv.*! Thus, it is evident that, after the first 
trimester, the mechanisms which contro] the secretion 
of hCG by the syncytiotrophoblast are different from 
those which control the secretion of hPL and PSBG. 
Whether the decreased synthesis and secretion of 
hCG during the last two trimesters relative to the first 
trimester represent a change in the expression of the 
hC%S genome at the nuclear level or modulation of 
gene expression at a cytoplasmic locus is not known. In 
vitro studies with placental ribosomes incubated in 
cell-free systems have demonstrated increased synthe- 
sis of hCG from first-trimester placental mbosomes 
reletive to ribosomes prepared from term placentas, 
whereas the opposite has been found for hPL. * 
Hewever, the numbers of hPL genes per haploid 
genome were found to be the same in term and first- 
trimester tissue, thus suggesting that the enhanced syn- 


, 1212 Braunstein et al. 


° 
thesis of hPL messenger RNA as pregnancy progresses 
is the result of a transcriptional activation rather then 
activation of the hPL gene.” In addition, studies with 
placental explant cultures have shown a dichotomous 
secretory response of hPL and hCG after exposure to 
catecholamines, estriol, and cyclic adenosine mono- 
phosphate.’ 46 Golander and co-worker” found that 
the secretion of hCG by term placental explants into 
the culture medium decreased between the first and 
second days, and then increased by an average of 780% 
from the second to fourth days. In contrast, the secre- 
tion of hPL was maximal on the first day, decreased by 
83.5% on the second day, and remained constant over 
the next 2 days. Since no increase in the syncytio- 
trophoblastic mass was observed during the duration of 
the experiments, these investigators suggested that the 
increased synthesis of hCG was the result of the disap- 
pearance over time of an inhibitory factor present in 
the explants at the beginning of the culturing.” Thus, 
the data available from the in vitro studies provide 
support for the intracytoplasmic modulation of the se- 
cretion of hCG and hPL. Therefore, the qualitative dif- 
ferences in the secretory patterns of hCG and hPL dur- 
ing pregnancy may reflect inhibitory influences acting 
at the cytoplasmic level on the synthesis and secretion of 
hCG during the second and third trimesters. 
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The number of patients studied during early preg- 
nancy allowed us to evaluate the measurement of hCG, 
hPL, and PSBG as a tool useful in the diagnosis of early 


pregnancy. Despite the localization by immunohisto- * 


chemical techniques of all three proteins to the tro- 
phoblast of early gestation,'®~'® the sensitivity of the 


currently available radioimmunoassays of hPL has , 


been found to be insufficient for detecting the quan- 
tities of this hormone in maternal serum before the 
first missed menses. Although PSBG has been detected 
in maternal serum as early as 7 days after ovulation, 
and 10 days after artificial insemination,” 1° we found 
that the measurements of PSBG were not so reliable for 
the diagnosis of pregnancy as were determinations of 
hCG by the beta subunit radioimmunoassay during the 
first 2 weeks after presumed conception. 


We greatly appreciate the technical expertise of Ms. 
Jill McCready and Deborah Dare and the statistical 
consultation of Alan Forsythe, Ph.D. The reagents 
used for the rad:oimmunoassay of hCG and hPL were 
provided by the Hormone Distribution Officer, Na- 
tional Institute cf Arthritis, Metabolism and Digestive 
Diseases, National Institutes of Health, Bethesda, 
Maryland. 
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Pure fetal blood from the umbilical cord obtained at 


fetoscopy: Experience with 125 consecutive cases 


I. Z MACKENZIE, M.R.C.O.G. 
D. A. MACLEAN, M.R.C.0O.G. 
Oxford, Engiand . 


With experience, and with the use of a 30-degree forward-oblique viewing telescope, sampling from 
one of the vessels of the umbilical cord produced at least 0.5 ml of pure fetal blood in 97% of the 
cases between 14 and 24 weeks’ gestation; by aspiration through a short-tipped, 27-gauge, 
specially constructed needie, adequate samples were ensured. The technique used overcomes the 
problems previously encountered with sampling from an anteriorly situated placenta, and offers 
considerable potential for investigating intrauterine physiologic and pharmacologic features, as well 
as providing excellent specimens for diagnostic purposes. With this method, the calculated optimum 
time for fetoscopy and sampling of fetal blood is 16 to 18 weeks’ gestation. (AM. J. OBSTET. 


GYNECOL. 138:1214, 1980.) 


WITH THE DEVELOPMENT of sonar and fibreoptic 
endoscopic equipment, efforts have been made over 
the past 6 years to obtain blood from the fetus in utero 
during the second trimester of pregnancy, with a view 
to diagnosing inherited conditions.’ The need for 
such an investigation is considerable when the mag- 
nitude of the distress caused by one condition, thalas- 
semia major,’ is contemplated. With the progress al- 
ready achieved, greater efforts are now being made to 
obtain samples from an increasing number of transmit- 
ted diseases, including hemophilia, Duchenne’s muscu- 
lar dystrophy, and galactosemia.* ° 

When the placenta is situated posteriorly, a needle 
can be guided under direct vision with the use of a 
fetoscope into a major vessel on the surface of the pla- 
centa to obtain fetal blood. However, access to the an- 
terior placenta is technically difficult with the use of a 
rigid fetoscope, and blind needling of the placenta has 
produced samples of fetal blood mixed with amniotic 
fluid or maternal blood.” 8 These samples are adequate 
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for determining cell-transmitted disorders, such as the 
hemoglobinopathies, but the laboratory precedures 
required are demanding. For inherited diseases diag- 
nosed by analysis of plasma or serum, such samples are 
inadequate. Therefore, a technique of fetoscopy and 
sampling of blood has been investigated with the pri- 
mary object of reliably obtaining uncontaminated fetal 
blood for diagnostic purposes. 


Patients and methods 


One hundred twenty-five women admitted for ther- 
apeutic abortion within the terms of the 1967 Abortion 
Act were investigated; all gave informed, signed con- 
sent to be examined. Previous approval for the study 
had been granted by the Ethics Committee of the local 
hospital. Table I lists the gestation of the pregnancies 
studied. 

In the majority of cases after admission, with the 
patient’s bladder empty, an ultrasonic examination of 
the uterus was made by means of a Toshiba real-time 
scanner to assess pregnancy size and to localize the pla- 
centa; the site of entry into the amniotic cavity, with 
avoidance of the bulk of the placenta, was marked on 
the abdominal wall. One to 2 hours prior to operation, 
15 mg of papaveretum was given intramuscularly as 
premedication, and 5 mg of diazepam was given intra- 
venously immediately prior to fetoscopy. With the pa-, 
tents bladder empty, 7 to 10 ml of 1% Xylocairte in 
epinephrine solution was injected under aseptic condi- 
tions into the anterior abdominal wall at the designated 
site, with infiltration extending into the myometrium. 
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Table I. Success rates according to gestation in obtaining pure fetal blood at fetoscopy 


instrument Cases 


, 0° Angle telescope Cases 1-20: 
. N 

Success 
Cases 21-46: 

N 

Success 
Cases 47-125: 

N 

Success 


30° Angle telescope 


Success = aspiration of at least 0.5 ml of pure fetal blood. 


All examinations were performed with a Storz feto- 
scope (26300C), with outer dimensions of 3.3 by 4.5 
mm and incorporating a site channel to accommodate a 
22 gauge aspiration needle. Initially, a Hopkins minia- 
ture “straightforward 0°” telescope (27018A) was used, 
but since during the course of the study its use became 
associated with technical difficulties in obtaining fe- 
tal blood, it was replaced by a Hopkins miniature 
“forward-oblique 30°” telescope (27018A) for the last 
79 cases. After insertion of the fetoscope, orientation 
within the amniotic cavity was made, with identification 
of fetal landmarks and the placental site; wherever 
possible, insertion of the umbilical cord into the cho- 
rionic plate was localized. Needle aspiration from one 
of the three vessels of the umbilical cord was attempted 
at a convenient point along the cord’s length, ideally 
near its insertion into the chorionic plate or at the fetal 
end, the aspiration was accomplished while ensuring 
that the needle rernained within the lumen of the ves- 
sel. To facilitate the collection of blood, a modification 
of the aspirating needle was made: a 22 gauge needle, 
320 mm long, that incorporated a 27 gauge aspirating 
tip, 3 mm long, was constructed (Fig. 1). In a few in- 
stances, aspiration of a major vessel on the placental 
surface was also performed. 

The procedure was considered to be a success 
whenever at least 0.5 ml of uncontaminated fetal blood 
was collected into a standard 2 ml disposable plastic 
syringe, which was immediately anticoagulated with 
10% of its volume with heparin; confirmation that the 
blood was of fetal origin was made by means of the acid 
elution technique of Kleihauer and associates.’ After 
the examination, PGE, was instilled intra-amniotically 
to induce abortion. 


Results 


In all instances, apart from the discomfort felt with 


the injection of local anesthetic, patients experienced ° 
no further pain due to the procedure. In a few cages in. 


Gestation (wk) 


1-13 14-17 . 18-24 


= 14 6 
` 4 (29%) 2 (33%) 
l4. 7 
3 (60%) 9 (64%) 3 (43%) 
38 33 
5 (62%) 37 (97.4%) 32 (96.7%) 


which intravenous diazepam was omitted, the patient 
appeared to be sufficiently sedated with the premedi- 
cation, but fetal activity observed with the fetoscope 
wa: excessive and caused some difficulty in obtaining 
adequate views of fetal landmarks and samples of 
blcad, a problem which was more marked with gesta- 
tions of 18 weeks and more. There were no maternal 
coriplications as a direct result of the fetoscopic exami- 
nañon either immediately or within the subsequent 6 
weeks. , 

Table I illustrates the success in obtaining pure fetal 
blood according to gestational grouping. An arbitrary 
subdivision of the first 46 consecutive cases using the 0° 
telescope has been made. The last 79 cases studied with 
the use of the 30° telescope have been analyzed sepa- 
rately: for the 74 successful attempts, more than 1.0 ml 
of pure blood was obtained in 93% of the cases and 
more than 3 ml in 72%. 

Df the 25 failures among the first 46 cases, three 
were due to failure to enter the amniotic sac, twice at 11 
weeks’ gestation and once at 14 weeks; 15 failures were 
due to technical difficulties, three were due to trou- 


_blesome bleeding from the site of entry of the feto- 


scope through the placenta that had not been previ- 
ously localized, two were due to cloudy amniotic fluid 
after a previous diagnostic amniocentesis, and one was 
due to bleeding from the site of fetal blood sampling. 
Three of the five failures among the last 79 cases in 
which the 30° telescope was used were at 11 to 13 
weeks’ gestation and were due to profuse bleeding 
from the attempted sampling site, almost certainly 
lecding to fetal exsanguination; excessive bleeding 
from the fetoscopy entry site was the cause of failure in 
oue, whereas in the other the failure was due to densely 
discolored liquor after a diagnostic amniocentesis per- 
fcrmed 2 weeks previously. With the exception of the 
three cases mentioned, bleeding from the sampling site 
in the umbilical cord ceased within a few seconds. 

Of 10 cases in which blood was sampled from a major 
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Fig. 1. Needle tip for aspirating fetal blood. Example on the 
left is the modification with 22 gauge shaft and 27 gauge 
aspirating tip, 3 mm long. l 


vessel on the placental surface, pure fetal blood was 
obtained in four, mixed fetal and maternal blood in 
two, and pure maternal blood in four. 


There was difficulty in obtaining adequate views of ~ 


the fetus, cord, and placenta in [6 cases. In five, this 
was primarily due to the fact that the patient had un- 
dergone a diagnostic amniocentesis] to 2 weeks previ- 
ously, with the liquor being either very turbid or thickly 
stained from previous bleeding. In ll cases, the 
obscured view resulted from bleeding at the site of 
entry of the fetoscope into the uterus; three of these 
cases occurred during the first 20 patients examined 
and were totally due to technical problems, whereas six 
of the other eight cases occurred when the- placenta 
had not been localized ultrasonically and was situated 
anteriorly. Of 97 patients in whom placental localiza- 
tion had been performed prior to fetoscopy and 
confirmed at examination, the placenta was anterior m 
66. With care in siting the entry into the amniotic sac 
with prior ultrasonic guidance so as to avoid the main 
mass of placenta, this feature was not associated with a 
failure to obtain pure fetal blood. 


Comment 


We concur with others that fetoscopy and the sam- 
pling of fetal blood require considerable practice and 
expertise,” Qur experience has been that 20 to 40 at- 
tempts are necessary before success can be reliably 
achieved, With the use of the Storz forward-oblique 30° 
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viewing telescope, the visual field was not significantly 
reduced and the benefits were considerable for aspira- 
tion of fetal blood. Although none of the patients was 
distressed by the procedure with the sedation pro-® 
vided, the intravenous injection of diazepam immedi- 
ately prior to fetoscopy was particularly valuable inere- 
ducing. fetal activity and, thus, in facilitating i inspection 
of fetal.anatomy and aspiration of fetal blood. 

Obtaining samples of fetal blood, not contaminated 
with maternal blood or amniotic Auid has the great 
advantage of reducing required laboratory procedures. 
Examining subjects for thalassemia, Fairweather and 
associates? analyzed blood obtained by blind needling 
of the anterior placenta and direct aspiration at fetos- 
copy. from a posterior placental vessel, and succeeded 
in getting samples with 100% fetal cells in only four of 
22 cases; I1 of the 22 cases required more than one 
attempt. A Coulter particle-size analyzer was used for 
the immediate differentiation of fetal from maternal 
red cells, with the patients having previously under- 
gone transfusion to suppress activity of maternal bone 
marrow. Similar results were obtained by Golbus and 
associates’! using placental needling in 28 cases when 
13 samples contained 75% to 100% fetal cells. Using 
the particle-size analyzer and subsequent acid elution 
technique for confirmation, Rodeck and Campbell’ 
succeeded in getting samples with 100% fetal cells by 
direct aspiration at fetoscopy from a placental surface 
vessel near the cord’s site of insertion in 40 of 48 cases 
at 16 to 22 weeks’ gestation; 22 samples were pure fetal 
blood not contaminated by amniotic fluid. With expeéri- 
ence, using the 30° angle telescope and aspirating 
blood directly from one of the three umbilical cord 
vessels, we obtained pure fetal blood in 97% of the 
cases over the same gestational period. The specially 
designed needle permitted a minute puncture site in 
the vessel wall, thus reducing subsequent bleeding on 
withdrawal, provided a guide to the depth of penetra- 
tion into the vessel, and allowed for an adequate flow of 
blood to prevent intraneedle clotting. For the diagnosis 
of hemophilia, the interpretation of results obtained 
for samples contaminated with amniotic fluid requires 
considerable caution: the same caution can be dismissed 
when pure samples are obtained. 

The benefits of localizing the placenta by scanning 
with real-time ultrasound before fetoscopy are obvious: 
of the last 57 cases examined, troublesome bleeding 
into the amniotic sac subsequent to instrumentation oc- 
curred in eight cases, in six of which localization had 


not been performed. The suggestion was previqusly’ 


made that, when the placenta.is anterior, the sampling 
of fetal blood with a rigid instrument is unsuccessful; 
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thus, resort to blind placental needling has been advo- 
cated." In the present study, the bulk of the placenta 
was situated anteriorly in 67.5% of the cases, a figure 


* similar to that reported by other workers.® ® ? With 


aspiration from the umbilical cord, the technical 
difficulties are largely ‘circumvented. 

Unlike Rodeck and Campbell," we did not find that 
success in obtaining samples of pure fetal blood is re- 
duced below 18 weeks’ gestation. We have been im- 
pressed by the advantages of performing fetoscopy be- 
tween 14 and 17 weeks in order to view differént parts 
of the fetal anatomy; endeavors at fetoscopy earlier 
than that gestational age were, however, less reward- 
ing. When the procedure is performed before 18 
weeks’ gestation, more time is allowed to induce abor- 
tion in those cases in which the suspected inherited 
disorder is confirmed. However, we are uncertain of 
the volume of blood that can safely be removed from 
the fetoplacental circulation. Morris and associates 
have calculated that the fetoplacental blood volume is 
16.2 + 2.0 ml per 100 grams of fetal weight at 16 to 22 
weeks’ gestation. -Since the mean fetal weight at 14 
weeks is 50 grams, and rises to 100 grams at 16 weeks 
and 200 grams by 18 weeks," it seems prudent to sug- 
gest that 16 weeks might be the earliest gestational age 
at which to attempt sampling of fetal blood, when 1 ml 
of fetal blood might be removed without compromising 
the fetus. It is difficult to estimate the volume of leak- 
ing blood after withdrawal of the needle from the fetal 
vessel, but previous observation has been that such 
bleeding usually ceases within a few seconds.» 1% 11 15 
This was the experience in the present series, with the 
exception of threė cases at 11 to 13 weeks’ gestation. 

Since all the pregnancies examined were therapeu- 
tically aborted, the effect of this technique. of fetoscopy 
and sampling in the short and long term cannot be 
stated. Fetal heart sounds were heard for at least 5 
hours in five of six patients at 17 to 19 weeks’ gestation 
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after collection of between 4 and 6 ml of fetal blood, 
thus suggesting that at this gestational age the fetus is 
capable of compensating for this large volume of lost 
bleod. Similar observations were made by Hobbins and 
Mzhoney" in 14 patients in whom much smaller vol- 
umes of blood were removed. Until large numbers of 
cortinuing pregnancies have been examined by the 
fetoscopic method of obtaining pure fetal blood, the 
precise fetal wastage rate cannot be known; it is reason- 
able to surmise that it is likely to be in the same range as 
the 3% to 12% reported by others.* 2 However, the 
outer dimensions of the instrument used in the present 
study are considerably larger than those of the instru- 
ments used by most other workers. Although the larger 
instrument provides a greater field of vision and prob- 
ably shorter sampling times, it is possible that post- 
fetoscopy abortions may result more often. Until large 
numbers of continuing pregnancies have been exam- 
ined with the Storz fetoscope, the pregnancy loss rate 
cannot be stated. l 

The results obtained in the present series indicate 
that uncontaminated samples of fetal blood can be reli- 
ably obtained by umbilical vasopuncture between 14 
and 24 weeks’ gestation, even when the main mass of 
placenta is situated anteriorly. With the relatively large 
samples of blood obtained, this technique expands the 
possibilities for further research into inherited dis- 
eases, fetomaternal physiologic features, and the phar- 
ma=zokinetics of drugs administered during pregnancy. 
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COMMUNICATIONS 
IN BRIEF 


This section is suitable for reporting results of therapeutic trials, descriptions of 
new procedures or instruments, and case reports which illustrate a principle. Re- 
ports should be limited to seven hundred words and two references. Use of an 
illustration or table requires a proportionate reduction in total words. 


Group B streptococcus and puerperal 
sepsis 


SEBASTIAN FARO, PuH.D., M.D. 


Infectious Disease Section, Department of Obstetrics and 
Gynecology, Louisiana State University School of Medicine, 
New Orleans, Loutsiana 


IMMEDIATE PUERPERAL SEPSIS has long been asso- 
ciated with group A, beta-hemolytic streptococcal in- 
fection. Group A streptococcal infection, if not recog- 
nized early, usually follows a fulminant course. 
Lancefeld group B, beta-hemolytic streptococcus (Strep- 
tococcus agalactiae) is not recognized as a major cause of 
maternal morbidity, even though 25% of pregnant 
women may be colonized by this bacterium. Hood and 
associates! reported maternal amnionitis and endome- 
tritis secondary to group B, beta-hemolytic streptococcal 
(GBBS) infection which resolved shortly after delivery. 
Finn and Holden? reported six cases of GBBS puerperal 
sepsis; three of these six cases were associated with pro- 
longed rupture of amniotic membranes. 

This report concerns 14 cases of GBBS puerperal 
infection which occurred on the Louisiana State Uni- 
versity obstetric service at Charity Hospital in New Or- 
leans. The colonization rate on the LSU obstetric ser- 
vice is 23% (unpublished data). Over a 6-month period, 
14 cases of postpartum endomyometritis secondary to 
GBBS infection occurred, six with associated bac- 
teremia. The unique features of these cases were: (1) 
All patients were delivered by cesarean section; (2) the 
average gravidity-was 1.8; (3) the average age was 21; 
(4) the patients had ruptured membranes for an aver- 
age of 14.4 hours with a range of 0 to 40 hours; (5) the 
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average duration of operation was 1.23 hours; (6) all 
had temperature elevation shortly after delivery, oc- 
curring on the average within 17.3 hours, with the av- 
erage temperature being 39. 1° C; (7) all patients devel- 
oped a tachycardia; (8) all developed an exquisitely 
tender uterus which coincided with an elevation in 
tero perature. 

Specimens were ‘obtained for aerobic and anaerobic 
bacterial culture from the endometrial cavity via a 
sterile swab passed through the endocervical canal. In 
addition, an aspirate from the posterior cul-de-sac as 
well as three separate samples of venous blood for cul- 
ture was obtained. All patients had GBBS recovered 
from at least one site, with the endometrium being the 
mast common site. A total of five patients yielded only 
GBBS, with the remainder of the patients having 
polymicrobial infections consisting of aerobic and 
anaerobic bacteria. 

Patients with bacteremia presented with an accom- 
panying endomyometritis, shaking chills, and a tem- 
perature spike of 39° C within 10.6 hours of delivery. 
One primigravid patient with pre-eclampsia, who was 
delivered by cesarean section because of cephalepelvic 
disproportion, became febrile 12 hours after delivery. 
Temperature rose to 40° C; blood pressure was 220/ 
150 mm Hg; pulse was 160 bpm, and respirations were 
40 per minute. She became oliguric and had severe 
uterine tenderness. Over a 2-day period a total of six 
blood cultures were obtained, and each grew GBBS. In 
addition, the endometrial specimen yielded a pure cul- 
ture of GBBS. 

(SBBS infection thus poses a serious threat to the 
mother as well as the neonate. Maternal postpartum 
sepsis secondary to GBBS infection occurs rapidly, usu- 
ally within the first 24 hours of delivery, and the patient 
may become seriously ill within a short period of time. 
Patients with prolonged rupture of membranes and 
dysfunctional labors which result in cesarean section 
sheuld be considered at risk for GBBS infection. Ap- 
propriate cultures for aerobic and anaerobic bacteria 
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should be obtained at operation. For example, an aspi- 
rate of amniotic fluid and a swab passed over the endo- 
metrium may be obtained without difficulty. 

GBBS infection is similar to grcup A beta-hemclytic 
streptococcus infection in that the signs dnd symptoms 


of disease occur early in the puerperium, followed by 


rapid deterioration of the patient’s condition if vigor- 
ous treatment is not instituted. Therefore, patients 
exhibiting signs of early infectton—temperature eleva- 
tion above 38.5° C, tachycardia, and an exquisitely ten- 
der uterus—within the first 24 hours of delivery should 
be considered to be infected and GBBS should be sus- 
pected as the etiologic agent. Appropriate specimens 
should be obtained for culturing aerobic and anaerobic 
bacteria. Antibiotic therapy should be instituted im- 
mediately. 

GBBS is sensitive to penicillin, and since obstetric 
infections are often polymicrobizl, a broad-spectrum 
antibiotic such as Ticarcillin or a cephalosporin such as 
Cefoxitin should be administered. Both Ticarcillin and 
Cefoxitin provide suitable anaercbic coverage includ- 
ing Bacteroides fragilis, These antibiotics also provide 
adequate coverage against E. coli. It is important that 
antibiotic therapy be started early to prevent serious 
infections such as abscess formation and endocarditis. 
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Modified technique for monitoring 
fetal heart rate during intrauterine 
transfusion 
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SEVERAL AUTHORS have attempted to show the pre- 
dictive value of the fetal heart rate response to in- 
trauterine transfusion (IUT)." ? Analysis of these re- 
sponses has been plagued by limitations of external 
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ELECTRODE 


TO SYRINGE 


Fig. 1. Details of insertion of electrode. The diaphragm of the 
Y-connector is perforated with a 3 cm needle through which 
the electrode wire is inserted and advanced through the trans- 
fusion catheter. 


ELECTRODE 


TO LEG PLATE 


TO SYRINGE 


Fig. 2. The 3 cm needle has been removed, leaving the*elec- 
trode in place. The diaphragm of the Y-connector holds the 
electrode wire in place and prevents reflux along the wire. 
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Fig. 3. Simultaneous maternal and fetal ECG during IIT. The maternal ECG was obtained with 
precordial leads. The fetal ECG was obtained via the intra-abdominal (fetal) electrode wire, as 


described in the text. 


transducers (ultrasound, phonocardiograph, abdomi- | 


nal electrocardiograph) which do not permit adequate 
assessment of fetal heart rate variability. Moreover, ex- 
ternal devices are clumsy and cumbersome and dif- 
ficult to maintain in sterile condition. At the extremes 
of heart rate, ultrasound devices also tend to double or 
half-count the rate.” Attempts to obtain the fetal elec- 
trocardiogram directly from the transfusion needle or 
a stylet inserted through an epidural catheter have met 
with variable success. ? With the former, resolution of 
the signal is poor, whereas with the latter, monitoring 
during various parts of the procedure is limited. 

In 1968, Crosby? described a catheter/electrode in 
which a wire electrode was mechanically attached to the 
tubing used for the IUT. This device, while effective, 
was not commercially available. In addition, prolonged 
recording required that the entire device be left in 
place. 

In an effort to simplify the procedure and improve 
the resolution of fetal heart rate monitoring during 
transfusion, we developed a direct monitoring tech- 
nique which appears to be safe and reliable and pro- 
vides high-quality ECG tracings throughout the proce- 
dure. The purpose of this report is to describe this 
technique. An analysis of the data from these cases will 
be presented subsequently. 

We perform IUT with the use of real-time ul- 


, trasonography.* The benefits of this technique include 


avordance of the placenta at amniocentesis, decreased 
exposure to radiation, and no complications from in- 
trauterine dye. In place of the time-honored Touhey 


needle, we use a 20 cm, 16 gauge, Teflon-sheathed 
needle catheter,* which is larger, more flexible, and 
less traumatic than the needle. 

Tne abdomen is prepared and draped in the usual 
fastion, and the needle is inserted under real-time ul- 
trasound guidance. The location of the tip of the nee- 
dle can best be determined by the observation of turbu- 
lence after the injection of a small volume of saline 
solution through the catheter. Once the catheter is in- 
serted into the fetus, the needle is removed and a 
Y-cennector is attached to the Luer-Lok hub of the 
catheter. The diaphragm of the Y-connector is perfo- 
rated with an 18-gauge, 3-cm needle through which a 
ped:atric cardiac electrode pacing wiret is inserted 
(Fig 1). The wire, previously marked to 18 cm, is ad- 
vanced to the mark, and the short needle is removed 
from: the diaphragm (Fig. 2). The diaphragm effec- 
tively holds the wire in place and at the same time pre- 
vents any reflux along the wire. 

The wire is connected to the positive pole of a fetal 
morxtoring leg plate. The second terminal of the leg 
plate is connected to a standard surface electrode by an 
appropriate cable. The output of the fetal monitor is 
hooked up to an oscilloscope and/or strip chart re- 
corder for display of the ECG along with the fetal heart 
rate. 


*I.V. Cath 16G8, 6761, Becton, Dickinson & Co., Ruther- 
ford, New Jersey. 

Pediatric Cardiac Electrode 277933, Edward Weck Co. 
Inc., Research Triangle Park, North Carolina. 
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By means of this procedure, the fetus can be moni- 
tored during the administration of blood or dye or 
even during the removal of ascitic fluid. The quality of 
the fetal ECG is excellent, in the majority of cases the 
signal-to-noise (S/N) ratio has been greater than 6 (Fig. 
3). We have generally removed the catheter immedi- 
ately after the transfusion but have left the electrode in 
place for several hours. Thus far, there have been no 
failures or complications in 12 cases of IUT performed 
by this technique. The wire is thin and very flexible, 
and the bare end is trimmed short to prevent any pos- 
sible perforation. The advantages of this technique in- 
clude convenience, simplicity, and high-resolution trac- 
ings during the entire procedure. This technique facili- 
tates the recording of fetal heart rate during IUT and 
perhaps other procedures, and may prove to be of di- 
agnostic and prognostic usefulness.® This procedure 
may also be useful in experimental animals in which 
direct recordings of fetal heart rate can be obtained 
without hysterotomy. 
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a radioimmunoassay for human ovarian 
tumor-associated antigen OCA 
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SINCE the prognosis for patients with ovarian cancer is 
dependent upon the stage at which the tumor is de- 


Supported by Ontario Cancer Treatment and Research 
Foundation Project No. 324. 


Reprint requests: Dr. Gerald I. Urbach, Suite 805, 600 
Sherbourne St., Toronto, Ontario, Canada M4X 1W4. 


0002-9378/80/25 1222+ 02$00.20/0 © 1980 The C. V. Mosby Co. 


~ 


ta 


December 15, 1980 
Am. J. Obstet. Gynecol. 


Table I. Plasma OCA levels by stage of disease 










No. uth 
positive 
OCA levels 






Total 
No. of patients 





% Positive 





I 21 27 78°. 
I 40 54 74 
III 45 57 79 
IV 10 15 67 
Total 116 153 76 


Table II. Plasma OCA levels by pathologic 
type of tumor 











No. with 
positive 
OCA levels 







Total No. 


Tumor . of patients | % Positive 


Serous cystadenocarct- 38 59 95 
noma 

Mucinous cystadeno- 13 20 55 
carcinoma 

Endometrioid carci- 13 24 54 
noma 

Adenocarcinoma 14 22 64 

Others 5 13 38 


Table III. Plasma OCA levels of patients with 
serous tumors by stage 










No. with 
positive 
OCA levels 







Total 
No. of patients 





% Positive 





I 9 I] 82 
I] ll 13 85 
IH 12 19 63 
IV 4 7 57 


Table IV. Plasma OCA levels by pathologic type 
and differentiation of tumor 


Well Poorly 
differentiated | differentiated 


Tumor 
Serous cystadenocarcinoma 12/19 (63)* 15/19 (79) 
Mucinous cystadenocarcinoma 7/10 (70) 4/7 (57) 
Endometrioid carcinoma 1/1 (100) 10/19 (53) 
Adenocarcinoma 1/2 (50) 6/10 (60) 
Total 21/32 (66) 35/55 (64) 


*Number of patients with positive OCA levels/total num- 
ber of patients (% positive). 


tected, earlier detection of ovarian tumors should lead 
to a dramatic improvement in the survival rate of pa- 
tients. We previously reported the development of ae 
competitive inhibition double-antibody radioimmtno- 
assay for detecting nanogram amounts of human ovar- 
ian tumor-associated antigen OCA in plasma.’ The 
positive level of the assay was determined to be equal to 


r> 


Volume 138 
Number 8 


or greater than 2.0 ng of OCA activity per milliliter of 
plasma. In a preliminary study in which the OCA assay 
was used,' 52% of the patients with ovarian cancer who 
were tested had positive plasma levels of OCA, as com- 
pared to 10% of patients with noncancerous gyrieco- 
logic disease, 10% of pregnant patients, and 16% of 
apparently disease-free controls. The present study 
was undertaken in order to determine whether the 
OCA was specific for one type or one stage of ovarian 
tumor. 

Samples of plasma from patients with ovarian cancer 
who were attending the Outpatient Clinic at the Prin- 
cess Margaret Hospital, Toronto, Canada, were exam- 
ined to determine the correlation between elevated 
plasma levels‘-of OCA and tumor staging, tumor 
pathologic features, and degree of tumor differentia- 
tion. Samples of blood were taken from each patient on 
at least two separate visits to the clinic. In order to be 
included in this study, the plasma levels of OCA.of each 
patient were required to be consistently negative or 
positive; those patients who had fluctuating levels of 
OCA were eliminated from the study. 

Of 153 patients; 116 patients, or 76%, had positive 
plasma levels of OCA. When these same patients were 
grouped by stage of disease according to the staging 
system of the Union Internationale Contre le Cancer 
(Table I), the finding was that the level of OCA positiv- 
ity did not significantly increase with increasing stage of 
disease. When 138 of these same patients were 
grouped according to pathologic type of tumor (Table 
IL), there was no correlation (p > 0.1) between the level 
ot OCA positivity and the pathologic type of tumor. 
When the 50 patients with serous tumors were grouped 
by stage of disease (UICC staging) (Table III), there 
was an apparent decrease in OCA positivity with in- 
creasing stage of disease, but this difference was not 
statistically significant (P > 0.1). When patients were 


grouped according to both pathologic type and degree 


of differentiation of the tumor (Table IV), there was no 
correlation between degree of differentiation and OCA 
positivity. 

Since ovarian tumor-associated antigen OCA levels 
are elevated in early-stage (minimal) disease, and the 
antigen is present in the plasma of patients with ovar- 
lan cancer regardless of pathologic type and differ- 
entiation of the tumor, it may be possible to use the 
radioimmunoassay to detect circulating tumor antigen 
before clinical signs of disease are apparent. 
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Uterine rupture at term with vaginal 
prostaglandin E, 
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PROSTAGLANDIN. E, (PGEs) ts a powerful oxytocic 


agent that reliably initiates labor, even in the presence 


of an “uninducible” cervix.’ It is available in vaginal 
suppositories specifically indicated for the manage- 
men: of intrauterine fetal death (IUFD).? Although 
mild side effects are common with PGE, suppositories, 
sericus complications are rare. The following case ilus- 
trates a particularly uncommon complication. 


L. B., a 25-year-old, parz 4-2-0-2-2 patient, with question- 
able gestational dates, presented to the labor room claiming 
loss cf fetal movement since the evening before. The fetal 
heart beat could not be heard and no cardiac activity was 
discerned by real-time ultrasonography. Estimated fetal 
weight was 7 pounds and presentation was vertex. On vaginal 
examination the cervix was 20% effaced and 2 cm dilated. 
Station was —3. The membranes were ruptured. The internal 
monitor catheter was inserted, and one 20 mg PGE, supposi- 
tory was placed deep in the vaginal fornix. Labor began within 
l .hour and. was characterized by polysystole without hy- 
pertor.us (Fig. 1). With only the one suppository, the cervix 
was fully effaced in 6 hours and fully dilated in 7 hours. Deliv- 
ery came shortly after full dilatation with spontaneous sep- 
aration of the placenta. The stillborn infant as well as the 
placena appeared grossly normal and appeared to be of term 
maturity. After delivery, the patient bled approximately 1,000 
ml; bleeding slowed significantly after oxytocin administra- 
tion. However, pelvic examination revealed a defect in the 
right lateral uterine wall. The patient was brought to the operat- 
ing roam where an exploratory operation was performed. 
Laparotomy revealed a large hematoma beneath the ves- 
icouterine peritoneum, which dissected into both retroperito- 
neal spzces overlying the pelvic vessels to the level of the infun- 
dibulorelvic ligaments. Examination of the uterus revealed 
bilateral lower segment lacerations which included the uterine 
vessels. A bilateral hypogastric ligation, total abdominal hyster- 
ectomy, and left salpingo-oophorectomy were performed. 


This case demonstrates uterine rupture despite the 
absence of hypertonicity with PGE». The case is un- 
usual ir several respects. Uterine rupture secondary to 
PGE, has been described in one case report of a 
second-trimester abortion,’ but its use in over 240 
women with IUFD was not accompanied by even one 
such complication.’ In addition, only one suppository 
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was used during our patient's 8-hour ike rather than 
an every- 3-hour dose as usually recommended. The 
uterine-rupture was caused by the polysytolic labor pat- 
. terns. Thus, even though PGE, suppositories can be 
extremely useful for the management of IUFD, this 
potentially catastrophic event is a rare but possible 
complication. 
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A prolapsed umbilical cord into the 
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Women with previous cesarean sections performed 
through a low transverse uterine incision for a non- 
repetitive indication (i.e., breech, fetal distress) may be 
candidates for attempted vaginal delivery at LAC/USC 
Women’s Hospital. They are closely monitored but 
otherwise are managed as normal multiparous pa- 
tients. We report hére an unusual presentation of uter- 
ine rupture. 


A 31-year-old woman, gravida 4, para 2, abortions 1, was 
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Fig. 1. Uterine polysystoly on internal pressure monitoring. 
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admitted at term with ruptured membranes for 3 hours and 
no uterine contractions. Her first pregnancy resulted in a 
normal vaginal delivery of an 8 pound infant. Two years be- 
fore the current pregnancy, she had a primary low transverse 
cesarean section while not in labor for “postmaturity.” 

` Examination on admission confirmed the ruptured mem- 
branes and- showed the cervix to be 50% effaced and 2 cm 
dilated with a vertex presentation at the —3 station. Estimated 
fetal weight was 3,800 gm. A transcervical intrauterine pres- 
sure catheter.was placed posteriorly, and a-fetal electrode was 
attached to the scalp. Oxytocin was started and adequate labor > 
was established with a resting tone of 15 to 20 mm Hg and 
contractions every 2 to 4 minutes, reaching 25 to 40 mm Hg 
above the baseline. Within 8 hours the cervix had dilated to 7 
em and the head had descended to the 0 station. The baseline 
fetal heart.rate was 140 to 150 bpm with good variability and 
few periòdic changes. During the -next hour the cervix dilated 
to 9cm and the head descended to the +2 station, but increas- 
ing variable decelerations occurred and the baseline fetal 
heart rate gradually climbed to 160 bpm. There was no sig- 
nificant change in resting uterine pressure or the contraction 
pattern. At no time did the mother complain of undue pain 
and: the vital signs remained stable. A Foley catheter inserted 
prior to delivery showed clear urine. A 5- minute unremitting 
deceleration to 60 bpm resulted in àn emergency cesarean 
section. When the peritoneal cavity was entered, a 6 cm dehis- 
cence of the lower uterine incision was discovered, through 
which protruded the top third of the infant's head and ap- 
proximately. 12 inches of the umbilical cord. A female infant 
weighing 4,140 2m was delivered, with Apgar scores of 0 at 1 
minute and 3 at 5 minutes. Cord gas values were compatible 
with acute respiratory acidosis: arterial pH, 6.67; Pco2, 129 
mm Hg; bicarbonate, 14 mEq/L; base deficit, —20; venous 
pH, 7.20; Pco;, 49 mm Hg; bicarbonate, 19 mEq/L; base 
deficit, ~§. The uterine incision was bleeding minimally and 
was.repaired without difficulty. Both infant and mother were 
subsequently discharged without further complications. 


It is generally agreed that scars in the noncontractive 
lower. uterine segment, when compared to vertical 
fundal incisions, are much less likely to rupture prior to 
labor. Some authors! argue that during labor the lower 
segment scars may offer no greater protection than 
classical incisions. The maternal course of our patient 
was not unusual for a rupture of a previous scar in that, 
she was essentially asymptomatic and lacked the overt 
signs of sudden abdominal pain, bloody urine, de- 
creased uterine contractions, and shock. The use of 
oxytocin in patients with previous uterine scars is not 


+ 


$ 


A 


Volume 138 
Number 8 


generally advocated but is under study at our institu- 
tion. The unusual aspect of this case was not the uter- 
ine rupture but the clinical presentation, which was 
fetal distress due to compression of the prolapsed um- 
bilical cord. In patients with previous uterine scars 
variable decelerations may have a more ominous 
meaning. 
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Severe hypokalemia and acidosis: A 
potential complication of beta- -adrenergic 
treatment 
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ROBERT J. SOKOL, M.D. 
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Perinatal Clinical Research Center, Cleveland 
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University, Cleveland, Ohio ` 


BETA-ADRENERGIC AGENTS, such as terbutaline, 
isoxsuprine, ritodrine, and Salbutamol, are being 
widely used to inhibit premature labor. Reported ma- 
ternal side effects of this class of drugs include 
hypotension, pulmonary edema, cardiac arrhythmias, 
and hyperglycemia'; fetal/infant side effects include 
tachycardia, hypoglycemia, and hypocalcemia.? Al- 
though mild hypokalemia has been reported in the 
British literature as a side effect of Salbutamol,’ 
hypokalemia has not been reported as a complication 
of beta-adrenergic agents in the American literature 
and is not mentioned in the terbutaline product insert. 
Our purpose here is to report an episode of severe 
hypokalemia, accompanied by acidosis, developing in a 
normal pregnant patient treated with terbutaline and 
betamethasone. 


A healthy 22-year-old primigravid patient, receiving no 
medication, presented at 32 weeks’ gestation in premature 
labor. The cervix was 3 cm dilated and 100% effaced. After 
discussion of the known risks and options, betamethasone, 12 
mg, was administered intramuscularly and terbutaline was 
started intravenously, the dose being increased every 10 
minutes until the patient was receiving 25 wg/min. After 1 
hour, the contractions stopped; the infusion was decreased to 
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15 ,zg/min and continued for the next 4 hours. This resulted 
in a total dose of terbutaline of 6,300 wg in 0.5 L of 5% 
dextrose in water over the first 6 hours, at which time so- 
dium = 131 mEq/L, chloride = 104 mEq/L, potassium = 2.2 
mE3z/L, total carbon dioxide content = a mEq/L, and glu- 
cose = 452 mg/dl. x 

Active labor then resumed and could not be suppressed by 
2 additional hours of terbutaline (25 wg/min). Electronic fetal 
monitoring continued to'show only a persistent tachycardia of 
180 bpm. Because of a footling breech presentation, the pa- 
tient was delivered abdominally with epidural anesthesia. 
During delivery and the first 36 hours postoperatively, she 
received 1.5 L of lactated Ringer’s solution in 5% dextrose 
without supplemental potassium, Twelve hours following op- 
eration, maternal serum sodium = 135 mEq/L, chloride = 
137 mEq/L, potassium = 3.1 mEq/L, total carbon dioxide 
concent = 21 mEq/L, and glucose = 112 mg/dl; at 36 hours, 
sodium = 137 -mEq/L, . chloride = 105 mEq/L, potas- 
siur: = 4.2 mEq/L, total carbon dioxide content = 24 mEq/L, 
and glucose = 4] ae The mother’s postpartum course was 
normal. 

The 1,760 gm fale infant had Apgar scores of 1 and 6 at I 
and 5 minutes, respectively. He was treated with oxygen by 
mask and sodium -bicarbonate, 2 mEq/kg, intravenously. At 
delivery, the serum glucose level = 248 mg/dl. Two hours la- 
ter, an arterial blood gas sample showed pH = 7.18, Po, = 85 
mm Hg, Pco, = 52 mm Hg, and standard bicarbonate = 19.4 
mM/L. At 12 hours of age, the infant’s serum sodium = 133 
mEq/L, chloride = 108 mEq/L, potassium = 4.2 mEq/L, and 
total carbon dioxide = 19 mEq/L. He did not become hypo- 
glycemic and subsequently did well. 


This patient’s course was marked by unanticipated 
severe hypokalemia (potassium = 2.2 mEq/L) during a 
standard treatment protocol -for inhibition of prema- 
ture labor.! Hypokalemia can occur with long-term ste- 
roid treatment but would be unlikely with the single 
dose of betamethasone administered here. It was more 
likely a coniplication of treatment with terbutaline, for 
at least three reasons: (1) Mild hypokalemia secondary 
to treatment with another beta-adrenergic agent, Sal- 
butamol, has been ‘previously reported.® (2) A likely 
mechanism for hypokalemia would be the well-recog- 
nized hyperglycemia and hyperinsulinemia stimulated 
by beta- -adrenergic agents. As glucose moves intracellu- 
larly, potassium is similarly shifted from the extracellu- 
lar -o the intracellular space, in exchange for hydrogen 
ion. Indeed, in the current case, the maternal total car- 
bon dioxide content of 12 mEq/L was~suggestive of 
metabolic acidosis and the infant was clearly acidotic. 


` Mazernal/fetal acidosis has been previcusly associated 


with beta-adrenergic treatment, although the mecha- 
nism suggested was an increase in lactate induced by 
these agents, rather than an intracellular shift of po- 
tassium.' (3) Further support for considering hypo- 
kalemia to be a complication of terbutaline treatment is 
provided by the fact that several ‘well-recognized 
maternal/fetal/infant complications of beta-adrenergic 
therapy may be explained on this basis. These compli- 
cations might include cardiac arrhythmias, paralytic 
ileus, and maternal tremors, in addition to acidosis. 
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Therefore, it would appear that physicians using 
beta-adrenergic agents should be aware of their poten- 
tial for producing severe hypokalemia, accompanied by 
acidosis. At present, we recommend monitoring serum 
electrolyte and glucose levels prior to and during ther- 
apy. Since we began obtaining these studies, we have 
observed several similarly treated patients with serum 
potassium levels in the 2 to 3 mEq/L range. Whether 
administering supplemental potassium or withholding 
exogenous glucose and/or lactate would be valuable in 
avoiding these problems remains to be seen. 
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Tularemia immunization in early 
pregnancy 
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TULAREMIA Is a bacterial infectious disease caused by 
Francisella tularensis and communicated to man via ar- 
thropod and animal vectors or by ingestion of con:am- 
inated food and water. The most common manifesta- 


tions include ulcerative lesions of the skin and mucous 


membranes accompanied by localized lymphadeno- 
pathy, fever, and occasionally pneumonia. The mor- 
tality rate in untreated cases is 6% to 7% wher eas with 
effective antibiotic therapy death is rare. 


The opinions and assertions contained herein are these of 
the authors and not to be construed as official or as reflecting 
the views of the Navy Department, the Naval Service at large, 
or the Department of Defense. 
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Hunters and outdoorsmen exposed to infected rab- 
bits, squirrels, foxes, muskrat, and deer are a high-risk 
population. In addition, laboratory research personnel 
working with F. tuiarensis form a high-risk group. 

The last reported case in the English literature of 
tularemia in pregnancy that we have been able to find 
was in 1936.! In view of this apparently low incidente, 
it appears that the obstetrician may more likely en- 
counter the disease in reference to vaccination. Al- 
though the live atrenuated vaccine has been available 
since 1970, no data with regard to the safety of this 
vaccination during pregnancy have been reported. The 
following is a report of a patient inadvertently im- 
munized at the calculated time’ of conception. 


The patient was a 23-year-old laboratory technician. She 
received live attenuated tularemia vaccine for employment 
purposes 2 weeks after her last menstrual period. A urine 
pregnancy test was positive at 6 weeks beyond her last men- 
strual period. The prenatal course was unremarkable except 
for tularemia agglutination titers which were 1:80 through- 
out the pregnancy. 

At a gestational age of 39 weeks and 4 days labor occurred 
after spontaneous rupture of the membranes. On presenta- 
tion to the hospital, meconium-stained amniotic fluid was 
noted. Internal electronic fetal heart rate monitoring indi- 
cated normal findings. The patient was delivered of a 3,890 
gram male infant via low forceps. There was no evidence of 
lymphadenopathy, mucocutaneous ulcerative lesions, or con- 
genital pneumonia. All bacterial cultures including blood cul- 
tures were negative. Maternal serum revealed a 1:80 tulare- 
mia agglutination titer while cord serum revealed a 1:20 
titer.* One-year follow-up of the infant showed normal de- 
velopment. 


Immunization with live attenuated agents Just prior 
to or during pregnancy is a subject that has received 
much attention during the past decade. It is generally 
recommended that immunization with live attenuated 
vaccine not be used in pregnancy unless the risks from 
an existing epidemic or likely exposure to disease out- 


. weighs the risk of immunization. 


Tularemia vaccine, by means of a live attenuated 
agent, is effective in preventing disease in people at 
high risk of exposure such as laboratory personnel 
working with F. tularensis. However, the safety of this 
vaccine has not keen established in pregnancy. In the 
aforementioned case study the course of pregnancy 
was reported in a patient inadvertently immunized 
with live attenuated tularemia vaccine near the time of 
fertilization. 

It is recommenced that a woman in the reproductive 
age group be counseled as to the possibly hazardous 
nature of a live attenuated vaccine so that she may elect 
to avoid conception during a period of ‘potential fetal 
hazard. 


*Minimal inhibizory concentration, microagglutination ti- 
ter, Center for Disease Control, Atlanta, Georgia. 
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Endometrial changes after administration 
of gossypol for menorrhagia 
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GOSSYPOL is a yellowish phenolic compound isolated 
from the seed, stem, or root of the cotton plant, 
Chinese scientific workers discovered in the 1950s 
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through mass investigation that cookin g with crude cot- 
tonseed oil could lead to infertility! Menostasis and 
atrophy of the uterus have also been seen among pa- 
tients after treatment with gossypol, 

Gossypol acetic acid was administered orally to 67 
patents (36 to 50 years old) chnically diagnosed as hav- 
ing menorrhagia, leiomyoma, and endometriosis. The 
therapeutic dose is 20 mg/day for 2 months and the 
maintenance dose, 25 mg two times a week for 3 
months. Endometrial specimens were taken from varj- 
ous patents at different intervals after the treatment to 
determine the histologic changes of the endometrium. 
In 47 of the 67 cases studied, endometrial specimens 
were taken both before and after the treatment. 

Gossypol was administered orally for | to 3 months 
in 26 cases, for 4 months in 12 cases, for 5 months in 19 
cases, for 6 months in 6 cases, for 7 months in | case, 
for 10 months in | case, and for | year in I case; in ] 
case the duration of treatment was not clear. 

Atrophy of the endometrium is the main mor- 
phologic change seen following the treatment ( Figs. | 
and 2). Since the endometrium is usually extremely 
thin, curettage specimens are not easily obtained. 
Sometimes only a very small amount of thin, grayish 
membranous tissue is obtained. 

The changes observed are as follows: 

1. The superficial epithelium of the endometrium is 





Fig. 1. A: Early secretory endometrium before treatment in 46-year-old woman. (Hematoxylin and 
eosin. x 


x 250. 
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125.) B: Atrophic endometrium after 6 months of treatment. (Hematoxylin and eosin. 
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Fig. 2. A: Midsecretory endometrium before treatment in 46-year-old woman. (Hematoxylin and 
eosin. X 125.) B: Atrophic endometrium after 6 months of treatment. (Hematoxylin and eosin. 
x 125.) 


Table I. Histologic changes in endometrium 
following oral administration of Gossypol 





Histologic features 


















Time Proliferative | Secretory Cystic 
in months phase phase hyperplasia | Atrophy 
lto 3 7 7 8 4 
4 2 2 2 € 
5 2 — l 16 
6 3 — oo 3 
7 _ — ~ I 
10 — — om l 
12 — —- _ I 
Unknown — — l — 
Total 14 9 12 32 
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composed of a single layer of cells which is flattened, 
cubical, or low columnar in shape. 

9. The number of glands is reduced and the stroma 
is scanty. 

3. Glands, small, round, and uniform in shape, are 
widely scattered. They are lined by a single layer of 
epithelium, the lining cells of which are cubical or low 
columnar in shape. Neither transparent cells of large 
or small types nor ciliated cells are found in the glandu- 
lar epithelium, which is an important indication of es- 
trogenic activity.” * The stroma cells of the endome- 
trium look like fibrous tissue cells. 

Before gossypol is given, the endometrium appears 


l _d ° 


Table II. Relation of the duration of treatment to 


atrophy of the endometrium 










Time 
in months 


No. of 
cases with atrophy 







No. of cases 





lto 3 26 $ 

4 12 6 

5 19 16 

6 6 3 

7 ] I 

10 ] l 

12 | | 
Unknown ] —_ 
Total 67 32 
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to be in the secretory phase or the proliferative phase 
or demonstrates cystic hyperplasia. After gossypol 
administration, 32 cases showed varying degrees of at- 
rophy, whereas no atrophy took place in the other 35 
cases. Only four of 26 cases in which the patients had 
been treated with gossypol for 1 to 3 months showed 
atrophy. Among these four cases, only one appeared 
atrophic after 2 months of treatment, while in the other 
three atrophy appeared after 3 months of treatment. 
Atrophy occurred in 16 of 19 cases after 5 months of 
treatment. All patients who received treatment for 
more than 6 months showed atrophic changes in, the? 
endometrium. Thus, it is evident that atrophy of the 
endometrium is closely related to the duration of 
treatment. The number of cases showing atrophy in- 
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creases with the elongation of treatment (Tables I and 
ID. Once the treatment is withdrawn, the endome- 


trium gradually recovers, although it takes a period of 


about 6 months to reach full recovery. 

It has been found that cooking with crude cottonseed 
oil eån lead to scanty menstruation and menostasis. In 
one case (not one of the 67 cases mentioned above) 
menostasis actually occurred in a 32-year-old woman 
who had used crude cottonseed oil in cooking for 2 
years. When she ceased using such oil in cooking, the 
endometrium gradually recovered, followed by the re- 
turn of menstruation. 
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The Trendelenburg position for 
obstetric ultrasound 
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IN OBSTETRIC ULTRASOUND, the region of the 
lower uterine segment and the cervix is the most 
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‘ 
difficult to evaluate. Saunders’? has demonstrated that 
the cervix is not always centrally located beneath the 
uterovesical fold. Hence, an accurate delineation of the 
interrelationships among the cervix, placenta, and 
fetus is often difficult or impossible to appreciate. A 
fluid-filled pessary has been suggested as one way to 
identify the position of the cervix ultrasonically.' This 
method, however, cannot be used in patients with sus- 
pected placenta previa since any pelvic manipulation 
may elicit bieeding. Occasionally, the endocervical 
canal can be visualized. Unfortunately, this landmark is 
not consistently demonstrated. 

H the obstetrician is trained in ultrasound, then his 
interpretation of a particularly difficult scan may be 
improved by performing a pelvic examination inde- 
pendent of or simultaneously with real-time scanning.” 
Again, the possibility of placenta previa limits the 
applicability of this technique. The radiologist, how- 
ever, must perform obstetric ultrasonic examinations 
without the benefit of pelvic manipulation. Hence, 
gentle movement of the fetus, changes in maternal po- 
sition, and emptying and filling of the maternal blad- 
der are the only means that he may apply to portray the 
various intrapelvic relationships to their best advan- 
tage. For example, the biparietal diameter is frequently 
difficult to obtain in breech presentation. By placing 
the patient in a lateral position, the relationship of the 
fetal vertex to the maternal abdomen may be altered 
sufficiently to permit an accurate biparietal mea- 
surement. 

In order to better delineate the lower uterine seg- 
ment, we suggest that the Trendelenburg position be 
used during obstetric ultrasonic examinations in the 
second trimester and early third trimester. This mater- 
nal position would be advantageous in four situations, 
First, cervical dilatation that might be obscured by a 
closely approximating fetal part can be better vi- 
sualized. In an ultrasonic examination performed to 





Fig. 1. Longitudinal scans. Left, Supine. B = bladder; V = vertex; FB = fetal body; and P = edge of 
placenta. Right, Trendelenburg position. Fetal vertex (V) has fallen away from region of cervix (C), 


and a dilating wedge of amniotic fluid (AF) is easily 
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visualized. B = bladder; FB = fetal body, 
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Fig. 2, Longitudinal scans. Upper, Supine. Fetal vertex (V) iri- 
pairs visualization of the placenta (P). FB = fetal body. Lower, 
Trendelenburg position. Posterior placenta (P) may now be 
visualized without the shadowing of a fetal part. AF = amni- 
otic fluid: V = vertex. 
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determine the gestational age and the possibility of in- 
competent cervix, careful longitudinal scans at 0.5 cm 
intervals failed to reveal any obvious cervical abnor- 
malities (Fig. 1, left). Once the patient was placed in the 
Trendelenburg position, the fetus moved away from 
the lower uterine segment, and cervical incompetence 
could be readily demonstrated (Fig. 1, right). Second, 
sufficient elevation of the fetal vertex out of the pelvis 
with the mother in the Trendelenburg position may 
permit an accurate biparietal diameter determination 
when one was not possible with the patient in the rou- 
tine supine position. Third, a low-lying posterior pla- 
centa can be evaluated without the acoustic shadowing 
of the presenting part (Fig. 2). Fourth, cervical position 
may be better delineated. While the importance of a 
full bladder to the ultrasound examination has been 
repeatedly emphasized, its influence on cervical posi- 
tion and size has not been fully appreciated. As the 
bladder fills, the cervix is passively pulled cephalad. If 
the bladder is too full, compression and elongation of 
the cervical canal occur, and the position of the canal 
will be altered. 

Ultrasonic scanning with a full bladder and after 
voiding in both the horizontal and Trendelenburg po- 
sitions assures an accurate assessment of the lower uter- 
Ine segment, its contents, and the area of the cervix. 
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Definition of sinusoidal fetal heart rate 


To the Editors: 

In their article, “Sinusoidal fetal heart rate. I. Clinical 
significance” (AM. J. OBSTET. GYNECOL. 136:587, 1980), 
Drs. Young, Katz, and Wilson reported their experi- 
ence with 16 cases of so-called sinusoidal fetal heart 
rate (SHR). There were no fetal deaths in that series. 
Only one fetus (postdates with meconium) had a 
5-minute Apgar score less than 7; pH determinations 
from the fetal scalp blood showed fetal acidosis 
(pH <7.20).in only four cases, three of which had in- 
trapartum complications (postdates, meconium, partial 
abruptio placentae, and toxemia). This extraordinary 
favorable outcome contrasts with a perinatal mortality 
rate of 50% to 75% quoted by the authors from the 
literature. SHR patterns are very rare occurrences with 
probably no more than 100 cases reported in the world 
literature to this‘date. However, the authors reported 
16 cases among a study population of 4,800 patients 
(0.3%). 

The discrepancy in incidence and outcome is prob- 
ably best explained by a liberal definition of SHR em- 
ployed by the authors: SHR is a “FHR pattern of regu- 
lar variability resembling a sine wave, with a relatively 


fixed periodicity of 3 to 5 cpm, and an amplitude of 5 | 


to 40 bpm from the baseline FHR. lasting at least 10 
minutes.” With this definition we now find 24 episodes 
(1.2%) of so-called SHR among 1,996 intrapartum 
FHR tracings which we recently studied.’ All of these 
were transient, lasting 10 to 45 minutes. There was no 
associated fetal mortality. Two fetuses had 5-minute 
Apgar scores less than 7. Both of these exhibited other 
FHR abnormalities besides the sinuslike FHR changes. 
The fetal outcome in each group of SHR defined by 
amplitude and frequency of oscillations was not differ- 
ent from that observed in retrospective groups of vari- 
ability patterns defined by the same criteria (Table I). 

The fetal prognosis does not appear to depend on 
the so-called SHR but on complications during labor 
and delivery and certain associated FHR patterns 
which by themselves are significantly associated with 
poor fetal outcome. It is our impression that the au- 
thors have described mostly variants of FHR var oe 
patterns. 

The FHR tracing of the atta shown in Fig. 3 may 
be characterized as a tracing with normal FHR vari- 
ability (amplitude of oscillations 10 bpm, frequency of 
oscillations 10 opm), mild variable decelerations, and 
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Table I. FHR variability and sinuslike FHR changes 
(so-called sinusoidal FHR) defined by oscillatory 
amplitude and frequency: Association with 5-minute 
Apgar scores <7 












FHR | PHR variability — 


f= 


Sinuslike FHR 





Apgar score 
<7 





Cerla her 
Anplitude: 
0-5 bpm 
All 551 50 9.1 0 0 0.0 
Uncomplicated 36 1 2.8 0 0 0.0 
Complicated 515 49 9.5 0 0 0.0 
6-25 bpm : 
All 1,307 27 2.1 16 I 6.3 
Uncomplicated 420 5 [2 5 0 0.0 
Complicated 887 22 2.5 11 1 9.1 
>25 bpm 
Al > 114. 7 6.1 8&8 L 425 
Uncomplicated 22 0 00 2 0 0.0 
Complicated. 92 7 7.6 6 1 166 
: Total 1,972 84 4.3 24 2 8.3 
Frequency: 
<3 opm 
All 13 8 61.5 3 1 33.3 
Uncomplicated « 0O 0 00 0 0 0.0 
Complicated 13 8 61.5 3 1 333 
3-6 opm 
All 73 13 17.8 4 0 0.0 
Uncomplicated 26 l 3.8 10 00 
Complicated - 47 12 255 3 0 0.0 
>6 opm 
All 1,886 63 5.93 I7 0 0.0 
Uncomplicated 421 5 1:2 4 0 0.0 
Complicated . 1,465 58 40 13 1 7.6 
Tetal 1,972 84 4.3 24 2 8.3 


bpm = Beais per minute; opm = oscillations per minute. 


absence of accelerations over a period of approxi- 
mately 10 minutes of monitoring. The fetal prognosis 
should be excellent, particularly if accelerations were - 
demonstrable earlier or could be elicited by manipu- 
lations of the fetus. 

The fetal monitoring record in Fig. 4 shows a FHR 
wich marked variability (oscillatory amplitude 40 bpm, 
oscillatory frequency approximately 4 opm). The pat- 
tern appears to be limited in its apparent regularity to 
approximately 4 minutes as indicated by smaller FHR 
urdulations in the beginning and at the end of the 


1231 


Ts 


1232 Correspondence 


displayed tracing. In our experience a “saltatory” oscil- 
latory amplitude (>25 bpm) is likely to worsen fetal 
prognosis only when associated with some other zb- 
normality in labor.’ 

Clearly, criteria need to be established to separate 
prognostically insignificant variants of FHR variability 
from sinusoidal FHR changes associated with grave 
fetal outcome. From the study of ‘sinuslike FHR 
changes displayed in seven pertinent articles (refer- 
ences will be sent upon request) we conclude that the 
intrapartum sinusoidal FHR is characterized by the fol- 
lowing: 

' 1. Abnormal FHR patterns such as sudden onset of 
bradycardia, late and variable decelerations precede 
the SHR. 

2. The preceding abnormal FHR patterns and con- 
sequently the SHR is associated with obvious precipitat- 
ing factors and events such as (partial) abruptio pla- 
centae, placental insufficiency in postdate pregnancy, 
uterine hyperstimulation, cord compression, and 
others. | | 

3. SHR patterns are transient. 

4, The amplitudes of the sinus waves increase 
gradually to a maximum and then decrease in a similar 
gael | 

. The undulations are regular and of smooth con- 
tour. FHR irregularities or variability changes within 
the sinus waves are minimal or absent. 

6. There is rare or no alteration in the pattern in 
association with uterine contractions. 

7. Abnormal FHR patterns such as bradycardia and 
absence of FHR variability follow the SHR. Exceptions 
are rare. 

8. The outcome of pregnancy is fetal death or a se- 
verely depressed infant. 

In summary, we join other authors in concluding 
that the SHR is an agonal FHR likely reflecting hypoxia 
and deranged nervous control of the fetal heart. While 
the pattern may appear in a wide variety of oscillatory 
amplitudes and frequencies, the smoothness and regu- 
larity of the sinus waves are characteristic in almost “all 
reported cases and are associated with poor fetal cut- 
come. Intrapartum sinuslike. FHR changes should not 
be regarded as sinusoidal but as (usually benign) var- 
iants of variability unless any of the ominous FHR pat- 
terns mentioned above precede or follow the SHR. Dr. 
Young and his associates have shown that sinus.ike 
FHR changes may occur sporadically in normal fetuses. 
They may also be caused by drugs affecting the central 
nervous system such as alphaprodine.* We suggest that 
these benign patterns be called “‘sinuslike vanabuny" or 

“sinuforme variability.” 

The prognosis of antepartum aak FHR changes 
is less easily determined because preceding FHR 
changes are often not recorded. A simple test may be 
the interruption of a sinuslike FHR ‘by mechanical 
stimulation. We noted the conversion of what appeared 
to be a nusolee! FHR to normal FHR variability by 
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stimulation of the fetus in two cases. A fetus with de- 
ranged nervous control of the fetal heart is not likely to 
respond in this manner. 

Hans-Bartold Krebs, M.D. 
Department of Obsterrics and Gynecology : 
Medical College of Virginia _ 4 
Virginia Commonwealth University 
MCF Station l 
Richmond, V irginia 23298 
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Reply to Dr. Krebs 
To the Editors: 

In response to Dr. Krebs’ detailed letter I will begin 
by disputing his statement that our paper reports a 
“discrepancy in incidence” of SHR in the world litera- 
ture, although, as we stated, our outcome is clearly dif- 
ferent from that of previous reports. Our incidence 
was 0.3%, certainly a low rate, and Dr. Krebs offers no 
citation of the literature to substantiate his statement of 
an incidence less than this. 

Dr. Krebs refers to the “liberal definition of SHR 
employed” to explain the suggested increase in inci- 
dence. In fact, while the phraseology of the definition is 
mine, it is based on the original definition of Manseau 
and associates! and the observations of Baskett and 
Koh? and Rochard and associates,’ as clearly stated in 
the first paragraph of the paper, with the references 
cited there as well. Thus, the definition is from the 
literature, the same literature which originally reported 
the high perinatal mortality with SHR, as also men- 
tioned in the first paragraph of the paper. Further, 
when Dr. Krebs used this definition retrospectively ina 
review of his own material from a previous unrelated 
study, his incidence was an “underwhelming” 1.2%, 
hardly evidence of a liberal definition. 

Interestingly, his review of these data is supportive of 
our own report, although lacking biochemical studies 
and relying solely on Apgar scores. However, he has 
misinterpreted the data from his Table I when he 
states, “The fetal outcome in each group of SHR 
defined by amplitude and frequency of oscillations was 
not different from that observed in retrospective 
groups. of variatility patterns defined by the same . 
criteria.” Our paper did not ascribe any. significance to 
frequency, and Dir. Krebs’ table does not delineate a 
separate group of 3 to 5 cycles per minute for SHR, 
although these cases would be included in the groups 
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of 6 opm and above. However, in the amplitude section 
of his table, the cases which Dr. Krebs calls “sinuslike 
FHR” show a much higher occurrence of Apgar scores 
under 7 in the range over 25 bpm and in the 6 to 25 


bpm range. This is consistent with our report that there 


is a,tendency ‘to a falling pH and a worse perinatal 
outcome with increasing amplitude, with a breaking 
point about 15 bpm. The “sinuslike” patterns were as- 
sociated with two to three times the incidence of low 
Apgar scores seen in the nonsinus groups. Thus, the 
fetal outcomes were different according to Dr. Krebs’ 
data and interpretation of the FHR patterns based on 
our definition of SHR. l 

Dr. Krebs interpretations of the figures showing 
minor and major SHR patterns are most likely based 
on his terminology, e.g., oscillations per minute. Our 
usage of cycles per ‘minute refers to a cycle measure 
from peak to peak of a sine wave. Thus, the frequency 
in Fig. 3 is 5 cpm not 10 opm, and in Fig. 4, 2 to 3 cpm, 
not 4 opm. Similarly, amplitude refers to height from a 
bdseline and may be positive or negative, but not the 
sum of the upward and downward deflections from the 
baseline. Fig. 4 shows approximately 5 minutes of a 
pattern which lasted much longer, with some variation 
in amplitude. As stated in the paper, patterns with a 
duration of less than 10 minutes were not considered. 


Dr. Krebs’ attempt to establish criteria for sinusoidal: 


FHR is welcome. We have been engaged in the same 
pursuit. However, of the eight criteria he lists, based on 
his review of the literature, Numbers 1, 7, and 8 are of 
profound prognostic significance by themselves, even 
in the absence of a SHR. His inclusion of SHR asa 
prognostically poor pattern is tautologous. Numbers 2, 
3, 4, and 5 often are seen with SHR patterns, but not 
always. Number 6 is correct. Unfortunately, these eight 
criteria fail to define the SHR ‘pattern. They merely 
describe phenomena,which may be associated with it. 
The definition of SHR derived from the literature is 


quite clear and allows diagnosis by visual or computer - 


analysis of a FHR tracing. The SHR is a FHR pattern of 
regular variability resembling a sine wave, with a rela- 
tively fixed periodicity of 3 to 5 cpm and an amplitude 
of 5 to 40 bpm from the baseline FHR, lasting at least 
10 minutes.’ I am not familiar with any literature on 
Dr. Krebs’ terms “sinuslike a and í ‘sinuforme 
variability.” 

Bruce K. Young, M. D. 
New York University Medical Center 
Suite 2C ` 
566 First Avenue 
New York, New York 10016 
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-Endorphin in obstetrics: Effects on fetus 
To the Editors: 

Cyama and co-workers recently published their ex- 
citing and encouraging results following B-endorphin 
administration to 14 parturient patients during labor 
and delivery.’ Although intrathecal administration of 
B-endorphin or similar peptide analogues may well 


play a significant clinical role in the future in ameliora- 


tion of intrapartum and postpartum pain, a word of 
caution is indicated. The authors referenced their 
statement that 8- endorphin does not cross the blood 
brain barrier (BBB)? but excluded mention of the con- 
troversy that exists over this issue. In spite of its size, 
ß- endorphin (and other sizable neuropeptides) may 
gain access to the central nervous system by crossing 
the BBB where there is less of an impediment to diffu- 
sion, ie, the area postrema or the circumventricular 
organs. This issue and potential explanations are ad- 
dressed in two recent publications.® 4 As a clinical cor- 
relate, Kline and associates administered intravenous 
B-endorphin to six psychiatric patients and noted be- 
havioral improvements, thus implying that some 
B- endorphin might have reached receptors in the cen- 
tral nervous system.’ This point in no way detracts 
from the authors’ observations, but intrathecally ad- 
ministered medications do achieve measurable levels in 
the peripheral blood® to which the fetus is exposed. 
Likewise, stress does produce measurable increases in 
peripheral blood -endorphin concentrations,* again 
with some (unmeasured to date) fetal exposure. Kastin 
and colleagues® have further reported that newborn 
rats treated during the first week of life with 50 wg of 
subcutaneously administered -endorphin -were in a 
state of analgesia when tested at 90 days of age.? Ab- 
sence of analgesia in the infants exposed in the study of 
Oyama and associates would be reassuring, although it 
was not reported. 

It is unlikely that the human fetus would be exposed 
significantly following the maternal intrathecal admin- 
istration of 1 mg of -endorphin since three physio- 
logic barriers must be traversed (maternal and fetal 
BBE and placenta). However, the effects of the po- 
tency of such neuropeptides and their degradation 
products on the developing central nervous system of 
the fetus-require a cautious approach. Also smaller 
doses of B-endorphin, as the authors suggest, may well 
suffice. 

Dennis W. Coombs, MD. 
Divison of Critical care l 
Dartmouth-Hitchcock Medical Center 
Hanover, New Hampshire 03755 
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Prostaglandin synthetase inhibitors should not 
be referred to as antiprostaglandin drugs 


To the. Editors: 

I read with interest Dr. Ralph Sortor’s Letter to the 
Editor on page 696 of the March 1, 1980, issue o7 the 
AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY 
entitled, “Antiprostaglandin drugs.and Von Willi- 
brand’s disease.” 

I would like to express my disagreement with the use 
of the word “antiprostaglandin” referred to drugs such 
as aspirin, indomethacin, etc. These drugs should be 
correctly referred to as prostaglandin synthetase in- 
hibitors. The word antiprostaglandin implies that these 
drugs interfere with the action of prostaglandin, which 
to my knowledge they do not. These drugs interfere 
with the endogenous synthesis of prostaglandin. IF one 
administers aspirin and prostaglandin simultanecusly, 
the aspirin will not interfere with the action of the pros- 

taglandin. In fact, I have some preliminary data in 
animals that suggest that aspirin will enhance and pro- 
long the fever induced by exogenously administered 
PGE. This might be expected since it has been shown 
by Hansen (Prostaglandins 8:95, 1974) that aspirin in- 
hibits the action of 15-hydroxy prostaglandin dehy- 
drogenase, the enzyme responsible for the initial step 
in the catabolism of PGE;. 

The Journat's referral to aspirin as an “antiprosta- 
glandin” drug would tend to encourage its use in the 
treatment of fever induced by PGE, vaginal sup- 
positories. While I know of no evidence that aspirin in 
the human will enhance the fever induced by PGE, 
vaginal suppositories, I also know of no evidence that it 
will reduce it. Until data are presented that aspirin is 
beneficial in this regard, I would encourage obstetri- 
cians to avoid this drug and attempt to reduce. Pomi 
induced fever by some other means. 

In conclusion, I would like to request that in future 
communications the Editorial Staff of the JOURNAL 
refer to drugs such as aspirin and indomethacin as 
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prostaglandin synthetase inhibitors and not as anti- 
prosa iandin drugs. 

George H. Nelson, Ph.D., M.D. 
Dibarinen of Obstzirics and Gynecology , 
Medical College of Georgia 
Augusta, Georgia 30912 Sas 


Reply to Dr. Neison 


To the Editors: 

Thank you for your letter and the information given 
as to the correct nomenclature regarding prostaglan- 
din synthetase inhibitors. 

a Ralph F. Sortor, M.D. 
Obstetrics and Gynecology | 
10691 West Parnell Avenue 

Hales Corners, Wisconsin 53130 


Therapy of endometriosis and dysmenorrhea 


To the Editors: 

I would like to comment on Dr. Karnaky’s letter, 
entitled “Oral contraception and endometriosis” (AM. 
J. Ostet. Gyneco. 135:279, 1979). I am not sure 
whether Dr. Karnaky has ever proved that his good 
results are secondary to the addition of yitamins or are 
due to the basic stilbene. Except in women who are 
symptomatic in the menopause and climacteric, I have 
not used stilbestrel or any of the stilbenes since Fergu- 
son presented his data on pregnancy salvage in the 
early fifties in this JOURNAL. 

Having been involved in the experimental develop- 
ment and use of several of the oral contraceptives and 
progestins, I have no hesitancy in'using these for the 
control of dysmenorrhea, providing the patient is ma- 
ture and fully developed. In others I now use the an- 
tiprostaglandins. My experience is similar to that of Dr. 
Karnaky in only one way—my failures occur with 
adenomyosis, not extending endometriosis. I still used 
pseudopregnancy with the contraceptives in proved 
endometriosis, and my failures have been few. I do not 
have a research group to evaluate my data, but Į am 
fully aware of my successes and the few failures. 

Eduard Eichner, M.D. 
Severance Medica! A rts Building 
5 Severance Circle 
Cleveland Heights, Ohio 44118 


Reply to Dr. Eichner 


To the Editors: 

The statement by Dr. Eichner that he does not use | 
stilbestrol in women because it has caused clear cell” 
adenocarcinoma in girls (pregnant and nonpregnant 
women may be different?) takes the cake. 

I use the example of yellow teeth from tetracycline 
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administration during pregnancy. If he actually used 
that common-sense statement as a guideline, then he 
would not use many drugs. This is similar to a 
gynecologist’s writing, “I stopped doing orchiectomy in 
women.” 

Only stilbestrol-hexestrol blocks these active es- 
trogenic sites so that endometriosis undergoes atrophy. 
No other medications have been shown to do this. 

I broke with the drug companies after working with 


them for 30 years when they tried to get me to say that 


progestins were superior to stilbestrol and hexestrol in 
menstrual disorders. I was seeing over 200 such pa- 
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tients twice monthly and the progestins were produc- 
ing inferior or no results compared to stilbestrol and 
hexestrol when being tested side by side. The amount 
of estrogens in these progestins is far too small to pro- 
duce any results. We found progestins useful only for 
contraception. They should be discontinued in all gy- 
necologic conditions. 

Karl John Karnaky, M.D. 
The Obstetrical and Gynecological Research 

Foundation and Research Institute 

2164 Addison 
Houston, Texas 77030 


In the article by Sehgal and Hitt, entitled “Plasma volume expansion in the treatment of 
pre-eclampsia,” in the September 15, 1980, issue cf the AMERICAN JOURNAL OF OBSTET- 
RICS AND GYNECOLOGY, in the eleventh line of the first column on page 166, the sentence 


should have read: “MABP was calculated by 


systolic + 2 diastolic” 


In the article by Porreco, Merritt, and Gluck, entitled “Effect of prolactin on phos- 
- pholipid biosynthesis by alveolar cell carcinoma (A-549) in monolayer tissue culture,” in 
the April 15, 1980, issue of the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY, on 


page 1071, a supporting grant was omitted. This footnote should have read: “Supported 
by National Institutes of Health Grant HD 10622.’ 
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ceedings of the International Symposium on 
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Vaginally, lecithin/sphingomyelin ratio in amniotic fluid obtaed 
(Goldstein et al.), 232 (Comm. in brief) | s 
Variability, beat-to-beat, heart rate and, analysis of: Interval difference 
_ index (van Geijn et al.), 246 
mechanisms of, in heart rate of neonatal lamb. I. Influence of 
autonomic nervous system (Zugaitb et al.), 444 
Il. Effects of hypoxia (Zugaib et al.), 453 
Vasoactive intestinal polyveptide, neuropeptide, relaxation of human 
female genital sphincters by (Walles et al.), 337 
Venous blood flow, umbilical, and its distribution before and during 
autonomic blockade in fetal lambs (Edelstone et al.), 703 
Viability, spermatozoal .motility and, effect of copper on, evaluated 
objectively with aid of multiple-exposure photography 
method (Makler and Zinder), 156 
Virus, influenza, failure tc demonstrate transplacental transmission of; 
Fatal influenzal pneumonia in pregnancy (Ramohal, Don- 
nelly, and Small), 347 (Comm. in brief} 
Vulvar cancer, progressive histobiologic alterations in development of 
(Buscema and Woodruff}, 146 


W 


Wales and England, trenc's for gonorrhea and pelvic inflammacory 
disease in, and for gonorrhea in defined population (Ad- 
ler}, 901 

Water exchange, tritiated, in human uterine cavity (Azar, Bernstein, 
and Shaw), 833 

Weight(s), birth, at high altitude, re-evaluation of (Cotton et al.), 220 

minor physical anomalies, and maternal alcohol consumption 

(Tennes and Blackard), 774 

World, developing, pelvic inflammatory disease and consequences in 
(Muir and Belsey), 913 


X 
XY gonadal dysgenesis in three siblings (Phansey et al.), 123 
Y 


Young infertile patients with unsuspected endometrial adenocarci- 
noma, hysterosalpingography in (Menczer, Frenkel, and 
Serr), 352 (Comm. in brief) 


Z 


Zambia, Lusaka, gonococcal infection in women with pelvic 
inflammatory disease in (Ratnam, Din, and Chatterjee), 965 





Prepaid medical group practice, 
established 1976. 
Two suburban care centers, each 
-i with 3 or 
J 4 BC/BE OBG's. 
< New comprehensive facilities. 
Well-Staffed for clinical 
support, including Nurse 
Practitioners and hospital 
residents. Attractive salary 
structure and liberal fringes. 
Starting salary based 
on experience. 
Recruitment and relocation 
expenses covered. _ 
Unusually livable city. 
Send CV or call: 
Michael R. Soper, M.D. 
Medical Director 
6801 E. 117th Street 
Kansas City, Missouri 64134. 





TEACHING HOSPITAL 
KING FAISAL UNIVERSITY 
COLLEGE OF MEDICINE 
SAUDI ARABIA 


The new 380-bed AlKhobar Teaching Hospital, affiliated with King 
Faisal University College of Medicine, Eastern Province, Saudi 
Arabia, invites applications from board certified clinicians in: 


OBSTETRICS AND GYNECOLOGY 


SALARIES highly competitive and negotiable. Instruction is in Eng- 
lish. Interviews scheduled during late-1980 and early-1981. 
CONTRACTS are for one year and renewable. Clinicians hold fac- 
ulty appointments. 
BENEFITS include free furnished housing, airtickets to and from 
. Saudi Arabia one time each year for a family of four, 60-day 
_ vacation with pay, generous overweight and educational 
„allowances, No Saudi income tax. 


Please. send curriculum vitae with current telephone numbers, 
and the names and addresses of three references to: 

Dr. Tawfig Tamimi, Dean 

College of Medicine. King Faisal University 


c/o Saudi Arabian P.O. Box 2 

Equegional sna OR  Sunbury-on-Thames 

ZA25 We Middlesex TW16 5jJP 
England 








Flagyl (metronidazole) 250 mg. 





Warning | 
Metronidazole has been shown to be carcinogenic in 
| mice and possibly carcinogenic in rats. (See Warnings. j 
Unnecessary use of the drug should be avoided. Its use 
shouid be reserved for the conditions described in the 
lndicatigns section. 








indications: For the treatment of symptomatic trichomoniasis in 
females and males when the presence of the trichomenad has 
been confirmed by appropriate laboratory procedures (wet smears 
and/or cultures). Also for the treatment of asymptomatic females 
when the organism is associated with endocervicitis, cervicitis, o 
cervical erosion. T. vaginalis infection is a venereal disease and 
therefore, asymptomatic sexual partners of treated patients should 
be treated simultaneously if the organism is present. The decision 
to treat an asymptomatic male partner who has a negative culture, 
of one in whom no culture has been attempted. is an individual 
one. In any event. the consort should be treated with Flagyl in 
cases of reinfection. Flagyl is also indicated for acute intestinal 
amebiasis iamehic dysentery) and for amebic liver abscess. 


Contraindications: Evidence or history of blood dyscrasia, active 
organic disease of the CNS, the first trimester of pregnancy 
and a hypersensitivity to metronidazole. 


Warnings: Flagyl should not be used in the first trimester of 
pregnancy ‘see Contraindications). Use with discretion during 
the second and third trimesters of pregnancy and restrict to 
those pregnant patients not cured by topical measures. Flagyl 
(metronidazole) is secreted in the breast milk of nursing mothers: 
I is not known whether this can be injurious to the newborn. 
if used during lactation. an alternative method of feeding may 
be elected. 


Tumorigenicity Studies in Rodents. Metronidazole has shown 
evidence of tumorigenic activity in a number of studies involving 
chronic, oral administration in mice and rats. 

Most prominent among the effects in the mouse was the 
promotion of pulmonary tumorigenesis. This has been observed 


in all five reported studies in that species. including one study. 
in which the animais were dosed on an intermittent schedule. 
(administration during every fourth week only) One of the 
mouse studies revealed increases in the incidence of malignant. 


lymphomas as well as pulmonary neoplasms associated with 


lifetime feeding of the drug AH these effects are statistically . 


significant. 
in two long-term toxicity studies in the ral there was a 


Statistically significant increase in the incidence of various nem. 


plasms. particularly mammary tumors, among female rats on 
metronidazole over thal noted in the control groups. 

Two lifetime tumorigenicity studies in hamsters have been 
reported to be negative. 

Metronidazole has been reported to potentiate the antt 


coagulant effect of coumarin and warfarin resulting in. a pipo iee 
longation of prothrombin time. This possible drug interaction: 
should be considered when Flagyl is prescribed for patients gn 


this type of anticoagulant therapy. 


Precautions: Mild leukopenia has been reported during Flagyl 
metronidazole) use: total and differential teukocyte counts are 


recommended before and after treatment with the drug, especially 
if a second course is necessary. Flagyl may interfere with certain 
chemical analyses for SGOT. Avoid alcoholic beverages. during 


Flagy! therapy because abdominal cramps. nausea, vomiting, 


headaches and flushing may occur. Discontinue Flagyl promptly 


it abnormal neurologic signs occur. Exacerbation of candidiasis = 5: 
may occur. in amebic liver abscess. aspirate pus during metro: 


aidazole therapy. 


Adverse Reactions: Nausea, headache, anorexia, vomiting, diar 


mea. epigastric distress, abdominal cramping. constipation. a 
metallic. sharp and unpleasant taste, furry tongue. glossitis and 


stomatitis possibly associated with a sudden overgrowth of => 
Candida, exacerbation of vaginal candidiasis. an occasional te =~ 
varsible moderate leukopenia. dizziness. vertigo, incoordination, = 


@aala, convulsive seizures. peripheral neuropathy, fleeting joint 
pains, confusion, initability, depression, weakness, insomnia, 
miid erythematous eruptions. urticaria, flushing. nasal congestion, 
dryness of the mouth, vagina or vulva, pruritus, dysuria. cystitis. 
a sense of pelvic pressure, dyspareunia. fever. polyuria, incon- 
tinence, decrease of libido. proctitis, pyutia and darkened urine 
have occurred in patients receiving the drug. Patients receiving 
Megyl may experience abdominal distress. nausea. vomiting, 
flushing or headache if alcoholic beverages are consumed. The 
taste of alcoholic beverages may also be modified. Flattening 
of ihe T-wave may be seen in ECG tracings. 


SEAR Searle & Co. 

San Juan, Puerto Rico 00936 
Address medical inquiries to: 

G. D. Searle & 


Medical a E P Department, Box 5110 
Chicago, Hlinois 60680 


941-R2 
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-His trichomoniasis can 
nake her therapy useless 
unless they both take.. 


When the male is not treated for Trichomonas vaginalis, the female— ae 
no matter how well she cooperates with therapy—probably will become- 
reinfected. To arrest this infection/reinfection cycle, both infected = 
pariners must be treated simultaneously. 





The only systemic trichomonacide—In the female, trichomoniasis 

iS a multiorgan disease. Trichomonads invade the vagina, and are often © 
deeply entrenched in the endocervix, Skene's and Bartholin’s glands, 
the urethra, and the bladder. The male genitourinary tract has seven 
possible sites of infection. Only the systemic action of Flagyl can 
eliminate sequestered trichomonads from these sites; topical treat- 
ments are ineffective. 


Effective in both partners—Because it reaches infection sites via the 
bloodstream, Flagyl is the only trichomonacide that is effective in both 
men and women. And Flagyl is the only available agent of its kind. 


The only effective trichomonacide for couples 
® 250-mg. tablets 


F lagy l (metronidazole) 


Please see adjacent page tor brief Summary cf prescribing information. 


Searle & Co. 
SEARLE San Juan, Puerto Rico 00936 


Address medical inquiries to: 
G.D. Searle & Co, 

Medical Communications Department, Box 5110 
Chicago, Illinois 80889 





Sure as a new day will 
Peri-Colacé works with gentle, proven predictabilit 


PERI-COLACEI 
dictable. In capsule and liquid fc 


PERI-COLACE combines the gentie 
laxative and effective stool softener 
so often needed when bowel motility 
is depressed. PERI-COLACI acts gently 
to induce peristalsis, while the stool 
softening agent lets natural intestinal 
water permeate stools. 


PERI-COLACE is predictable —gentle 
evacuation usually occurs within 8 to 
12 hours. It is useful in obstetrical 
patients, as well as in geriatrics, pre 
and postoperative patients, the con 
valescent, in patients with medication 
related suppression of bowel motility 
and children. 


' 


gentle, proven, 


casanthranol and diocty! sodiun sulfosuce 


Gentle laxative plus stool Sorte 


Mead [iis 


PHARMACEUTICAL DIVIS 





